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PRE F ACE 
The most important seafood item which figures in 
international trade is prawn, by virtue of its esteemed 
del.icacy . It is the fastest moving commodity in world trade 
with persistent demand and high unit value . The per capita 
shrimp consumption in the European Economic Comm unity, one of 
the prime consuming market, has surged upward by 100i. during 
the last decade and in Japan by more than 25% . Tn United 
States, the per capita shrimp consumption has risen by 35%. Tn 
o ther parts of the world, consumption figures have become 
higner because of the population growth. 
On the flip side of this demand situation is the s t atus 
of prawn supply, which gives a different picture. The world's 
annual s hrimp production from capture fisheries has reached the 
maximum capacity and has levelled off at 1 . 8 to 2 mj llion 
tonnes (Liao, 1990) . There seems to be little hope of resum ing 
an upwa rd t rend in the volume of landings, since wild stocks 
continue to be overfished and depleted, in addition to the high 
cost of shrimping due to the increased price of fuel, labour 
etc. The only feasible way of filling the shrimp demand - and-
supply gap is through expanded and intensified shrimp culture 
production . 
II 
Fortunately, the volume of 
growing year after year . In the 
cultured prawns has been 
year 1994 production fro m 
prawn culture system is reported to account for about 227. o f 
the total world production as against 1 or 2% during 1%0 I s 
(Rosenber ry, 1995). Breakthroughs in shrimp culture re s e a rch 
over the last few decades have made the industry scopeful of 
offsetting the di minishing wild prawn catch . 
In the present day context of boo ming foreign exchange 
earnings in India, shrimp production is being taken up on a wa r 
footing . In 1994 - 1995, India exported 2 . 73 lakhs tonn e s 
marine products for a value of ~. 3270 cro r es of which prawns 
contributed about 70% by value (MPEDA, Press report). Since 
1970, shrimp production from inshore capture fish e ry is 
r emaining stagnant and is infact showing a declining trend . 
aquaculture seems to be the only wayout for India to aug ment 
its shrimp production and maintain its production as one of the 
leading shrimp producing and exporting countries of the world . 
India having vast but meage rly utilised aquaculture potential 
is conside red as a "sleeping giant" in the world of seafood 
market . Though endowed with an estimated brackishwater a rea o f 
about 1 . 2 million hectares (MPEDA, 1994) suitable f o r 
brackishwater culture, only a neglibl e pa r t of 70,700 ha is 
being utilised fo r shrimp culture producing about 60000 metr ic 
tonnes of shrimp annually . 
III 
The growth and survival of the organisms used for culture 
depend largely on the productivity of the pond, which in turn, 
is influenced by various environmental characteristics of the 
water and the fertility of the pond soil . In short, the water 
and soil conditions to a great extent dete r mine the success o r 
failure of the culture operation. Further, the information on 
the various environmental characteristics of the water and 
soil, availability of essential ele me nts and the rate of 
organic productivity would not only help to adopt success ful 
management principles and culture techniques but also to 
manipulate the ecosystem providing the necessary inputs fo r 
obtaining better production . 
Organic fertilizers like cowdung, pigdung and poultry 
droppi ng are generally applied for increasing the productivity 
of aquaculture ponds. It enriches the nut rient and o rga nic 
matter content of water and soil and acts as a substrate for 
bacterial growth, which is considered as a good food especially 
for the juveniles of the shrimps . Tt also reduces the cost f o r 
feeding and thus max i mises the profit. 
Trace elements eventhough needed 
significantly influences the growth 
in small quantiti es, 
and metabolism in 
c rustaceans . Trace elements are found to be deficien t in some 
water bodies, while in othe rs it may be in excess. Aquatic 
organisms including prawns can accumulate trace elements in 
their body which on consumption is t oxic to human being. 
IV 
Tn Ke rala, extensive system of shrimp farming had been in 
p r actice i n and around Cochi n. Recently, some of these 
traditional farms have been tran sfo rm ed to sCienti fically 
cultured semi-intensive farms with the i ntroduction of 
fertilization, selective stocking of commercially impo rtant 
prawns and supplementary feeding , which whe n compared to 
extensive farms is mo re profitable. 
Eventhough voluminous literature is ava il able on the 
ecologica l aspects of extensive shrimp fa r ms in Keral a , the 
recently introduced scientific semi- intensive shrimp farm s are 
very little studied. Likewise, only very little investigations 
have been conducted regarding the inf luence of different 
organic manures on the ecology and productivity of prawn farms 
and trace metal concentration in soil, wate r and tis sue of 
prawns. The present study is the r efo re taken up with an 
ob j ective of elucidating the ecological and productivity 
parameters of semi-intensive shrimp farms and the influence of 
organic manures on these parameters including trace element s. 
This thesis is presented in 3 chapters . 
Chapter 1 : Con t ains detailed r eports regarding the investi-
ga tion of ecological and productivity parameters of 
some semi-intensive pr awn farms in Cent r al Ke r ala . 
v 
Chap ter 2: Deals with the ecological and productivity 
parameters in prawn ponds applied with poultry 
dropping, cowdung and pigge ry waste in comparison 
' with a control pond wher e no organic manure was 
, applied. 
Chapte r 3: Embodies studies on trace elements - zinc, copper 
and iron concentration in wa t e r, soil and t issue of 
prawns obtained from the ponds applied with o r ganic 
manures . 
Ea ch chapter conta i ns introducti.on includi.ng review of 
literature, material and met hods, re sults and discussion. 
These 3 chapters are succeeded 
high lights the impo rtant results of 
by a "Summary" which 
the s tudy. This is 
followed by a list of literature consulted and cited at t he end 
unde r "Reference ". 
C HAP T E R I 
ECOLOGY AND PRODUCTIVITY OF SEMI INTENSIVE PRAWN FARMS 
IN CENTRAL KERALA 
I INTRODUCTION 
Aquaculture of prawns in coastal brackishwater bodies ha s 
been recognized as one of the highly potential areas for 
increasing 'prawn production. It also derives economic 
benefits such as bettey use of unproductive and marginally 
productive lands, augmentation of export and foreign e xchange 
earnings, 'support to food processing industries and 
establishment of ancillary industries. As the prawn farms are 
located in the rural areas, generation of employment 
opportunities along with the upliftment of the socio - economic 
conditions of the rural poor population is also made pos sible 
through prawn farming. 
The driving forces behind increased aquaculture 
production of shrimp have been the continued ma rket demand for 
shrimp and the large profit margin between the cost to produce 
through aquaculture and the world market price. Besides, 
increased demand for foreign exchange also makes shrimp farmin g 
a reality in many developing countries. 
India is considered as one of the leading prawn producing 
and exporting nations and there is alwa ys dem and from adva nced 
countries fo r quality shrimp. India is in fact struggling t o 
keep up her foremost position as the principal contribu to r t o 
the world market . 
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In India, prawns f rom ma r i ne landings contribute t o more 
than the cultured prawns . However, India's total marine 
landings of prawns was 1,77,000 tonnes in 1980 and 1,75,236 
tons in 199.3 (CMFRT, 1994). Conside r ing the landings in the 
last fourteen years, a stagnation in the prawn landings could 
be seen despite increasing fishing effort. Thus ma rine 
landings in India is not in a position to supply more quantity 
to meet the ever increasing world demand of prawns. Therefore, 
aquaculture of prawns is the only alternative to augment the 
supply of prawns. 
·Brackishwater aquaculture is an area where the potential 
for development is high. India is bestowed with suitabl e vast 
coastline, mudflats, swamps and mangrooves which could be 
utilized for prawn farming. However , we have not been able to 
achieve adequate progress in this field probably because of 
lack of proper understanding of the productivity potential of 
these a re as. 
In India, there 
suitable for culture. 
are four species of ma rine 
Among these, the t ige r pr awn 
prawns 
Penaeus 
monodon is cultured in West Bengal, Orissa and Andhra Pradesh. 
The Indian white prawn ~. indicus is also an important species 
and is cultured in states such as Tamil Nadu, Andhra Pradesh, 
Kerala, Karnataka, Maharashtra and Guja r at . To a lesser 
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extent, the banana prawn E. merguiensis is cultured in 
~Iaharastltra and Gujarat. The high saline prawn E . semisulcatus 
available in Tuticorin area in Tamil Nadu is also cultivable, 
though commercial cultu r e of this spec ies has not been taken 
up anywhere in India. 
Based on the intensity of culture ope r ation, prawn 
farming can be classified into extensive, semiinte nsive , 
,intensive and ultra-intensive systems . In extensive s ystem, 
prawn seeds are allowed to enter into the fields through 
sluice gate during high tide and after a peri od of growth, they 
are caugnt by operating a catch net at the sluice gate during 
low tide. Semi-intensive farms are cha racterised by sele ctive 
stocking with fast growing shrimps at a higher density of 1 to 
3 lakhs/ha and supplemented with feed. Tn intensive system, 
prawns are stocked at a very high density r anging from 3 to 10 
lakhs/ha and are provided with high quality feed . Ultr a -
intensive system u ses stocking densit y of above 10 lakhs/ll a . 
Water exchange rate also varies in different systems. 
Tn semi-intensive system, it varies with tidal exchange to 
high water exchange rate by pumping. The daily exchange rat e 
can therefore vary from 10 to 207.. On the other hand, in 
intensive system, daily water exchange amounts to more than 
20%. In comparison to the above systems, heavy water exchange 
is resorted to in ultra-intensive system. 
4 
Artificial aeration by mechanical means is at ti mes 
resorted to in semi-intensive system, but is normally not 
needed if the ponds are carefully monitored and water is 
exchanged when a critical oxygen condition is perceived to be 
developing . On the otner hand, mechanical aeratOrs to maintain 
the dissolved oxygen level is a necessity in intensive and 
ultra-intensive system. 
Maintainence of healthy environment antI 
production of sufficient plankton in ponos a re two factor s of 
primary importance for successful pond culture operation. It 
is believed that water is the primary requisite to s UfJport 
aquat ic 11 fe while soi 1 is essentia 1 to wi thl.old it. To keefJ 
the aqua tic habitat favourable for existence, physical and 
chemical factors like t empe rature, salinity, dissolved oxygen, 
pH, a lkalinity, nutrients and reducing gases like hydrogen 
sulphide will exercise their influence individually or 
synergetically,. while the nutrient status 
play the most important role in gove rning 
fish food organisms. The soil, besides 
of water and soil 
the production of 
retaining wate r , 
gove rns the storage and release of nutrient s to the overlying 
water through various chem ical and bio-chemical processes for 
biological prOduction in the environment . 
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\~ater quality management is one of the key factor s in 
aquaculture. The growing trend of intensifica tion in ponJ 
culture of shrimp has obligated grower s to adop t strict ponJ 
management measu r es in order to avoid dis ea se a nd water qual ity 
r el ated declines in production. Judiciou s manageme nt o f water 
quality cre a tes and mai ntain a healt hy e nvironment which in 
turn will cons is tent ly produce healthy p r awns. 
Wate r quality para me ters that influence the behaviour 
and production of prawns include tempe r atu re , salinity, 
dissolved oxygen, pH, a lkalinity, total hardness , nutri ents, 
primary productivity, phytoplankton, zooplankton and hete r o-
trophic activity. 
Tempe r ature is the most important wa t e r quality 
pa r ame ter influening the biochemical and physiological 
activity of prawns, photosynthetic activity in the water body, 
decomposi tion o f organic matter on the pond bo ttom and 
mic robi al release of nutrients into the water. Lower wa t e r 
tempe r atu re has been snown to adversely affect seve r al 
penaeids. As water temperatu re decline s , g rowth eventua ll y 
ceases ( \~heeler, 1968 b' , Mo re and El~m , 19 70; Luma r e and 
Vi l lani, 1972; Tournier, 1972 ) , and as it dec lines fu rthe r 
feedi ng stops I Li ao , 1969; Shi gueno, 1972 ) . S tudies r e ga ruing 
the effec t of te mpe r at ure on g rowth and s urv ival of pr awns in 
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f-lonos have been conducted by Venkataramiah et i!l., (1974 ) ; L'len z 
and Bowers (1980); Rubino et al.,(1983); Aquacop (1984); Seidm an 
ano Issar (1 988), Wyban and Sweeney (1989) and Padlan ( 1990 ) . 
Salinity is the master environmental f-larameter af f ecting 
the organi sms living in brackishwater ecosystem which i s 
characterisec,l by frequent salinity variation. \~hen shrimp is 
exposed to a salinity, higher or lower than its optimum 
requirement, it must osmo r egulate more to maintain tile 
internal salt balance, thus requiring more energy for 
osmoregulation which critically affects the growth. 
Tne salinity of brackishwater pond generally def-lend s on 
the salinity of the adjacent estuary. According t o 
Balakrishnan (195 7); George (19 58 ) and George and Kartha ( 1963 ) , 
the salinity of an estuary generally is freshwate r during 
monsoon and rises near to seawater salinity during extre me 
summer months . 
Dissolved oxygen is the single most environmental 
parameter that exerts a tremendous effect on growth and 
production through indirect effect on metabolism and f eed 
consumption and oirect effect on environmental conditions . 
A dissol veo oxygen content of above 3 . 5 pf-lm is r equi red for 
the proper growth of prawns (Susee lan, 1978 ) . Highe r rate of 
organic decomposition and heavy phytoplankton bloom r educe the 
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dissolved oxygen content to critical levels during ea r ly 
mo rning hours. Dissolved oxygen levels below 2 ppm has been 
considered as a stress factor (K ramer, 1975; Seidman and 
Law rence, 198 5; Liao and Murai, 1986; Padlan, 1990). Studies 
regarding the effect of dissolved oxygen on the growth o f 
prawns have been conducted by Egusa, ( 1961), Wheeler, (1967 ) , 
Broom, ( 1970), Latapie et .!!.l., (1972), Li ao and Huang,(1972 ) , 
Krant z and iversen, (1973), Mackay, (1974) and Shigueno (1975 ) . 
pH is a measure of hydrogen ion concentration in water 
and it indicates the rate of acidity or alkalinity of water. 
Brackisllwater is well buffered against wide varition in pH. 
Brackishwater with pH ranging from 7.5-8.5 is condusive fo r the 
culture of I'rawns (t1ut llU, 1980 ) . The pH va lues in orackis tl-
water ponds have oeen reported to be above 7.0 by Chakraborti 
et .!!.l., (1985 & 1986), Wyban et ~., (1987), Chakraborti and 
Das (19811), Chen et ~., (1989) and Che n a nd \lang, (1990) and 
below 7.0 by Gopinathan et ~., (1982), Baticados et ~ ., 
(1986) and Hudson and Lester, (1992). The coastal a r eas in 
many South East Asian countries are r eported to suffer acid 
sulphate soils which Decome extremely ac idic when recl a imed fo r 
stlrimp ponds (Porter, 1976; Simpson and Pedini, 1985). Tn s uc h 
ponds, mortality of prawns was noticed by l'Irithunjaya n ami 
'Thampy (1986) during first heavy monsoon r ains as a result of 
reduction in pH from 7 to 4.5 due to leaching of acid sulphate 
soils from the bunds. 
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Total alkalinity of water refer s to the total 
concentration of bases in water and is expressed in milligrams 
per litre of equivalent calcium carbonate. The alkalinity of 
water is a very important factor which influences the 
productivity of a pond ecosystem (Unnithan, 1985) . The 
alkalinity of brackishwater shrimp ponds has been widely 
studied by Chakraborti et ~ . , (1986), Chakraborti and Das 
(1988), Rajyalakshmi et a1., (1988) and Boyd (1992) . For best 
response to fertilizati<;ln, ponds should be limed when total 
alkalinity is less than 20 ppm (Pillai and Boyd, 1985). 
Total hardness of water refers to the total concentration 
of divalent cations in water and is also expressed in 
milligrams per litre of equivalent calcium carbonate. 
Literature dealing with total hardness of water is very less 
except that of Baticados et a1., (1986) who re po rted a t ot a 1 
ha rdness of 3350-6567 ppm in brackishwater ponos at 
Philippines. 
Primary producers in ponds r equire certain micro-
nutrients for their growtn. Many of the nutrients are minor 
constituents of water, p resent only in very low concentration 
and their supply exerts a dominent control over l'roduction. 
The most important nutrients are compounds of nitrogen and 
phosphorus. According to Boyd (1986), lack of phosphorus and 
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nitrogen limits phytoplankton productivity and in 
brackishwater ponds, nitrogen and phosphorus are observed to be 
far below the concentration needed for the optimum growth of 
plankton. 
Nitrogen is pivotal to all ecosystems because of its 
role in the synthesis and maintenance of protein, which along 
with carbohydrates and fats, is a major constituent of living 
substance (Reid and Wood, 1976). Nitrogen occurs in natural 
waters in elemental state and as organic as well as inorganic 
nitrogenous compounds. The elemental nitrogen in water is 
derived mostly from the atmosphere, the other source being 
bacterial denitrification of nitrates, nitrites and ammonia. 
The organic nitrogenous compounds include decayed plant and 
animal tissues . Inorganic nitrogen compounds may be present in 
natural waters in small amounts in the form of ammonia, nitite 
and nitrates (Jhingran, 1982). 
Nitrogen in organic compounds is returned to the 
environment through decomposition and to a lesser extent by 
excretion of nitrogenous wastes by animals. Tn the fin al phase 
of the ecologically important process of decomposition of 
nitrogenous substance, nitrite is oxidi sed by nitrifying 
bacteria to nitrate and it is in t his form that nitroge n is 
most easily taken up by primary producers . 
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Although phosphorus occu rs in very small quantiti es, 
this element is recognized to be the most critical singl e 
factor in the maintenance of pond fertility (MandaI, 1980 ) . 
This extreme importance stems from the fact that phosphorus i s 
vitally necessary in the operation of energy transfer system s 
of the cell and that it normally occurs in very small amounts 
(Reid and Wood, 1976). Phosphorus in natural waters can be 
divided into 3 components viz . in the inorganic or solubl e 
phosphate phosphorus, soluble organic phosphorus and t he 
particulate organic phosphorus . Phos phorus is avail able i n 
water combined with a number of ions , the more common for ms 
be ing phosphates of iron and calcium . 
The reactive soluble orthophosphate is the fraction tllat 
is immediately useful for autotrophic plants. The abilit y of 
phytoplankton to rapidly absorb phosphate from the wa ter and 
store it for further use in their cell s is of great i mportance 
in determining the distribution of phosphat e in water. 
According to Boyd (19H6), lack of phosphorus and 
nitrogen limits phytoplankton productivity ana in brackisn-
water ponos, nitrogen and phospllorus are ooserved to be f a r 
below the concentration needed for the optimum g rowth of 
plankton . Tlle importance of increasing the natural l evel of 
nutrients in water and especially the role of phosphate i n 
activating trophic chains had been di s cussed by Seymour ( 1980 ) . 
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According to Gopinathan et al . , (1982) , the nitrat e 
values were moderate to nigh in bracki s hwa t e r ponds loc ated a t 
the middle portion of Cochin estuarine system while those in 
northern and southern end showed lower values. In the case of 
phosphate, highe r va lues we re obtained in ponds both at middle 
and nort hern reg i on of the es tuary . In the studies on the 
ecological aspects of t he pr awn culture f i elds, Ma thew s (1992) 
observed higher nitr ate concen t r a tions at the midule 
( Narackall and no rthern and (Che r ai) est ua rine 
sys t em . 
widely 
Likewise phosphate content was 
of Cochin 
also found to vary 
between the ponds at middl e por tion and northe rn enU 
of estua ry. 
Some of the nutrients like nitrit e and ammoni a are toxic 
to aquatic organis ms . Nit rite is an i nt ermedia t o ry product 
in the me tabolis m of ammoni a and i s highly toxic at decreased 
pH because of re la tive pr opo rtion of t oxic unionized nitrous 
acid increases (Colt and Tchobanoglous, 1976; 
shown 
Russo e t .!l . , 
that nitr ite 1981). Cole and Boyd ( 1986 ) have 
concentration incre ases with 
Armstrong ( 1979 ) and Che n et g . , 
increased feeding 
(191l6) opined tha t 
is more toxic than ammonia . 
r ate . 
nit rit e 
Ammonia is the principal nitrogenous pr oduct excret ed by 
c ru s t acea ns (C laybrook, 1983; Cllen et a1., 1986 ) and may also 
accumulate in culture systems following mic r obial decomposition 
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of o r ga nic material including feed (S t anier e t a1. , 1976) and 
Fertilizers (Boyd, 1982). In so lution, total ammonia 
comf.l rises unionized (N H) ) and i on ized am monia (NH4 ) in 
equilibrium and thei r prof.lo rtion def.lend s mai nly on pH, 
followed by te mpe rature and sa linit y (Whitfield, 1974', 1978) . 
Union ized am mon ia is by far more toxic (Sma rt, 197 11) , the 
concentration of wh ich is mo re at basic pH. Ionized ammoni a 
may also becomes toxic, especially at low pH levels when the 
p ropo rtion of ammonia as ionized am monia is very hi gh (S h aw, 
1960; Armstrong et al . , 1978). 
AmhlOnia i s very toxic to aquatic anim al s and c a n cause 
illlf.lair me nt of ma ny phys iological activities and body o r gans 
(Sma rt, 1978; Colt and Ar ms trong, 1981) . It can li mit 
f.lroduction in int ens i ve crust ac ean aqu aculture (Delistraty 
et !l., 1977; Colt and Armstrong, 1981) . The effect of 
ammonia on pen ae id p r awn culture system has bee n elaborately 
s tudied by Ca r pente r ~ !.!,., ( 19116), Chin and Chen (1911 7 ) , 
Wyban et a1. , (19!l7l, Chen et !l. , (19!l9), Courtney (1 9119), 
Wajsbro t e t !.!,., (1 98 9 ) , Allan et !l., ( 1 99 0 ) and Cnen and 
\~ang (1 990) . 
Though p r awn s a r e not stat ed to be phytoph agous in 
habit, phy topl ankt e r s must be of impo rt ance to t hem in as much 
as they a r e the f.l ri ma r y p roducer s . Gr owth a nd production o f 
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prawns in a pond varies according to the levels of primary 
production. Pillai et ~., (1987) and Chakraborti et al., 
(1985) obtained a minimum productivity of 132 mg C/m 3/hr and 
maximum productivity of 625 mgc/ m3/hr in brackishwater shrimp 
ponds at Kakdwip. Primary productivity of brackishwater ponds 
near to Cochin estuarine system has been well studied by 
Gopinathan et ~., (1982) , Devapiriyan (1990 ) and Mathews 
( 1992 ) . 
Aquacop (1 984 ) had noticed better growth of prawns in 
water rich in phytoplankton . The presence of diatoms in sllrimp 
pond is a desirable condition (Philips, 1984; Shigueno , 1985). 
Promoting phytoplankton growth is an efficient means of 
removing micronutrients especially ammonia, which may be 
toxic, from the water column (Krom et ~., 1985) . The phyto-
plankton by reducing the light penet r ation in the pond, 
reduces the benthic algal growth which are often harmful 
because it encourages the production of a subsurface reducing 
layer rich in hydrogen sulphide (Erez et at. , 1990) . 
Inorganic nut r ients released to the water from the mic rooi al 
decomposition of uneaten food and shri mp faeces stimulate 
heavy phytoplankton bloom ( Boyd, 1992). 
The phytoplankton concentration in brackishwater ponds 
near to Cochi n estuarine system lias been studied by Gopinathan 
et ~., (19H2) . Gopalakrishnan et ~., (1988), Jose et al., 
' .. 
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(1981l), Nair et ~., (19!l!l) and Hathews (1992). According to 
Mathews (1992), the !-lhytoplankton in brackishwater ponds off 
Cochin estuarine system consisted of groups such as bacil-
lariophyceae, myxophyceae and Dinophyceae . 
Studying the zooplankton concentration in brackishwate r 
ponds, Rubright et .!!l., (1981), Jose et ~., (1988) and 
Rajyalakshmi et al., (1988) have reported the dominance of 
co pe pods in zooplankton community . However, according to 
Gopinathan et ~., (1 982), the rotif e rs was the dominant group 
of zooplankton in brackish water !-londs off Cochin estuarine 
system. Contrary to the reports mentioned above, in 
brackishwater ponds of the same area, the dominanc e of 
amphipods in the zooplankton community was observed by 
Gopalakrislman et ~., ( 1988) and Nair et .!!l., (1988) . 
Soil plays an i mpo rtant role on tll e balance of pond 
ecosystem and concomittantly on the g rowth and survival of 
aquatic organisms. Soil is generally considered as the 
"laboratory of the pond" because many chemical reactions ilre 
governed by soil quality parameters (Hickling, 1971) . 
According to Hickling ( 1971) soil quality i s reported to play 
a more important role than the water quality does in 
brackishwater productivity. Sediment has a considerable 
buffering capacity on the quality of the layer of water above 
f 
1 
it. It provides 
biological filte r 
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the water with nutri ents 
through the adsorption 
and 
of 
serve s as a 
the orga nic 
r esidues of food, body excretions and algal me tabolities (Chi en 
1989 ) . 
According to Boyd (1992) shrimp pond soils vary gr eatly 
in pH because of natural differences in soil pH . Brackishwater 
usually has a pH of 7.5 to 8 and this water buffers the soil 
and therefore acidic conditions usually do not develop in the 
su rf ace layer of soil . However, pond s constructed on acid 
sulphate soils may have soil pH val ues as low as 2 or 3. 
Hi ghly acidic conditions in soil i mpede organic ma tt er 
decomposition and recycling of nutrients, decre ase the 
availability of phosphate through the format ion of in soluble 
iron and aluminium phosphate and have direct inll ibit o r y 
effects on benthos and shrimp (Boyd, 1992) . 
Among the various soil quality pa rameters, organic 
carbon is of much i mportance. Orga nic carbon is an indication 
of the quantity of organic matter which enriches the soil with 
nutrients . Brackishwater pond soil i s considered to be poor 
in organic carbon content (Chak r a bort i et ai., 1985 ) . 
The organic matte r content in bottom soil increases with 
increasing water depth ( Boyd, 1977 ) . According to Ta ng and 
Che n (1967), increase in o r ga nic ca r bon content increases the 
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yield . Chakraborti, et ~ . , (1985) obse rved tllat brackish-
wate r soil with more than 1% organic carbon shows better 
production of prawns per unit area . 
Very low organic carbon content was report ed by 
Gopinathan et ~ . , (1982) in bracki shwa ter ponds off Cochin 
estuarine system. On the other hand, Eswa raprasad (1982) and 
Ramesan (19 90 ) reported higher values of organic carbon in the 
same area. Values close to that observed by Gopinathan ~ al., 
(1982) were also reported by Rajyal akshm i et a1., (1988) in 
brackishwater ponds off Chilka lake. 
Caillouet et ~ . , (1972) and Gould et ~ . , (1973) 
emphasized the importance of various benthic organisms like 
polychaetes and mysids as food items for prawns. Since p r awns 
are primarily inhabitants of the benthic region, th e 
uistribution and abundance of the benthic population is of 
great significance when the ecological conditions for p r awn 
culture are assessed and evaluated. 
Accordi ng to Maguire e t ~., (1984), Jose et a1., ( 1988) 
and Ordne r et ~., (1990) , benthos in s hrimp ponds are 
dominated by polychaetes. Rajyalakshmi et !!.l., ( 1988) 
conducted s tudies about the benthos community of brackishwater 
ponds at Chilka lake. Studying the benthos community in 
brackishwater ponds off Coclli n estua r ine system, Gopin athan 
17 
et al (1982) observed that the benthic fauna was domina ted by 
molluscs followed by polychaetes, amphipods, kinorhinchid s , 
isopods and cumaceans. The general pattern of their 
distribution indicated an abundance in ponds near to the 
barmouth. Aravindakshan et al., (199 2) recorded more benthos 
in substratum comprising fine sand, silt . and clay with not le ss 
than 207. fine sand . According to the above autho r , 
pol ychaetes is the chief component of benthic organisms in 
brackishwater ponds off Cochin estuarine syst em . 
Cochin backwater with an extens ive area of 12 , 700 11 a 
(Gopalan, et al., 1983 ) has about 89600 ha of adjacent l ow 
lying areas suitable for shrimp f a r mi ng ( Anon, 1978). Among 
the different types of shrimp culture system s , semi-intensive 
type is by far the most suitable by virtue of the natural 
flushing and aeration through tidal exchange, moderat e 
stocking density and therefore less expensi~e . However, due t o 
the paucity of adequate information on the productivity of thi s 
sy s tem, farmers resort more to extensive s ys tem which yield s 
lesser production. The pesent investigation is the refore 
t aken up with the bifold objective of elucidating the 
productive potential of semi-intensive shri mp farms and t o 
evalu a te the influence of barmouth on the ecosystem of t hes e 
shri mp farms lying in the mid(dle (Chellanam ) and north ( Poyya ) 
of Cochin e stuarine s ystem . 
2. MATERIAL AND METHODS 
2.1. DESCRIPTION OF PONDS 
This study was conduc ted in prawn farms at Poyya in 
Trichur district and at Chellanam in Ernakulam district, 
situated at the northern and middle portions respectively of 
the Cochin estuarine system (figure 1 . ) As these sites are 
wide apart at a distance of about 6S Km, there is a possibility 
of difference in major ecological parameters . Due to the 
paucity of scientifically managed farms, no farm could be 
selected from the southern end of the estuary . Three ponds 
were selected in each station and the study in both sit e s was 
conducted during January 1991 to .May 1991. 
Among the three ponds at Poyya, two belonged to Ke ral a 
St3te Fisheries Department and the third belonged to a PVi vate 
l imited company. Department ponds had an average depth of 1 N 
and the private company's pond ha d 1 .2 N. Tn this study pond 
No .1 and 2 indicate department ponds and pond No . 3 indicates 
private company's pond. The area of ponds we re 0.4, 0 . 2 and 
0 . 7 ha respectively. 
At Chellanam, t hree ponds belonging to a private farmer 
were taken up for investigation. The ponds had an area of 0 . 5, 
Fig. 1 
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0.6 and 0.8 ha with an ave ra ge depth of 1 M. They are number ed 
as pond No .4 , 5 and 6 . 
Since the ponds at Poyya and Chellanam bel onged t o 
different farmers and also located in different ecolog ic a l 
regions, different methods of preparation, fertiliz ation , wat e r 
exchange, stocking and feeding were resorted to. 
At Poyya, the ponds were drained and the weed fishes and 
predators were eradicated manually . No organic manure was 
applied. Urea Q.S - inorganic fertilizer was applied at ~htrate of 
10Kg /ha. In the department ponds, 10 to lSi. of water was 
exchanged daily by tidal flow. Post larvae (PL 18) of the 
white prawn Penaeus indicus with an initial average length and 
wei ght of 11 mm and 0 . 006 gm were stocked in department ponds . 
The same prawn (PL 35) of average length and weight of 17 mm 
and 0 .044 gm respectively was stocked in priva te company's 
pond. The numbers st ocked were 87, 600 (2,19,000 /ha) 46,6 00 
( 2,33,000/ha) and 1,50,000 (2,14,000/ha) respectively in ponds 
1, 2 and 3 respectively. Prawns in ponds 1 and 2 were fed with 
pellated feed manufactured by Him's Feed Indi a Ltd. and those 
in pond 3 were fed with slaughter house waste . The pe riod of 
culture in ponds 1, 2 and 3 wa s 128, 95 and 77 days 
re spectively. 
At Chellanam, the ponds we r e de pred a t ed with 250 ppm 
ma hua oil cake and later were com pl e t e ly dr a ined and dri ed . 
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Tripl e superphosphate was added in each pond at HoII! rate of 25 
kg /ha . Tn these , ponds, in addition to the t ida 1 exchange, 
wate r was pumped at the r a te of 10 to 15% daily . These ponds 
were stocked with post larvae (PL 50) of f . indicus having an 
ave r age length and weight of 22 mm and 0 . 124 gm . The numbers 
s t ocked weye 70,950 (1 ,41 ,900/ha) , 1,39, 000 (2,31,666/ha) and 
82,400 (1 ,03,000/ha) and the culture period was 76 days . 
Trudina shri mp feed manufac tured by Trudina Feed Corpor ation , 
Singa pore was given to the pr awns. 
2.2. COLLECTION OF SAMPLES 
Samples of water, soil and shrimps we r e col lected once in 
every fo rtn ight from each pond for es ti ma ting various 
hydrobiological and soil quality para me t e r s and g rowth of 
shrimps. The samples were collected in tripl icate and the 
average values were r ecko ned in presenting t he data. The 
samples were collected before 08.00 hr s . in the morning except 
in the case of dissolved oxygen, where the water samples were 
taken a t 06 . 00 hrs . \~ater samples we r e collected from the 
column of the pond using ~underwater sampler bottle. 
2.3. WATER QUALITY PARAMETERS 
Water sample for determination of dissolved oxygen af ter 
collection without any a ir bubble was fi xed wi th Winkler 
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solution A and B at the site itself. 
parameters were brought to the 
containers filled with ice . In 
alkalinity 
Water samples for other 
laboratory in insulated 
the laboratory at room 
and total hardness were t empe rature, pH, total 
determined immediately . Water samples were then imm ediately 
frozen for storage. Before analysis of nutrients, water 
samples we re thawed and brought to roo m temperature . 
2 . 3 . 1 TEMPERATURE 
Tempe rature 
itself using a 
accuracy of O.S·C. 
2 . 3 . 2 SALINITY 
of water was measured in the pond site 
O-SO·C high precision thermometer with an 
Mohr titration method was us ed for the determination of 
salinity (Strickland and Parsons, 1972) . 
10 ml of water sample was titrated against standard 
silver nitrate solution with potassium ch r omate as the 
indicator. Silver nitrate was standardised using standard sea 
water of 3S ppt salinity supplied by the Oceanographic 
Institute, Cope nhagen. Titration was done in triplicate and 
the mean value reckoned in present ing the data. Salinity was 
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calculated using the formula ; 
Sa Unity (ppt) where V1 is the volume of 
V2 
silver nitrate for titrating 10 ml of the sample, V2 the volume 
of silver nitrate used for titrating 10 ml of standard sea 
water and S is the salinity of the standard seawater. 
2.3 . 3 DISSOLVED OXYGEN 
For the determination of dissolved oxygen, standard 
Winkler method with azide modification was used (FAO, 1975) . 
2 ml of manganous sulphate solution and 2 ml of alkali -
iodine-azide solution were added to the wa ter sample in 125 ml 
standard BOD bottle. The solution was mixed thoroughly and the 
precipitate was allowed to settle . La ter, this precipitate 
was dissolved by adding 2 ml of concentrated sulphuric acid. 
From this solution, 100 ml was taken into a 250 ml beaker and 
was titrated with standard sodium thiosulphate solution to a 
pale straw colour. A few drops of starch indicator solution 
was added until the solution developed a blue colour. 
Titration was continued until the blue colour disappeared. 
Concent ration of dissolved oxygen was then determined by using 
the formula ; 
Dissolved oxygen (ppm) T X N X 8000 where T and N 
S 
are the volume and no r mality of standard sodium thiosulph ate 
and S the sample volume. 
24 
2 . 3 . 4 pH 
pH was measured by a n Elico pH me t e r model LI-120 having 
a combination electrode. The instrument wa s cali brated with pH 
buffe rs 4.0, 7 . 0 and 9.2. After taking the pH meter r eading, 
the in situ pH was calcula ted using the formula described by 
FAa (19 75 ) . 
pH in Pond = pH measured + 0.011 8 (t 2 - t 1 ) where tl and 
t2 a re te mperatures measured in pond and at the time of 
measu rement. 
2 . 3 .5 TOTAL ALKALI NI TY 
The amount o f acid required to neutralise the base in 
water is a mea sure of alkalinity (APHA et al . , 1981) 
To 100 ml sample, 4 to 8 drops of met hyl o range ind ica t or 
solution was added and titrated against stand a rd sulphuric acid 
solution until the colour of the sol ut ion changed fro m yellow 
to faint orange . 
To tal alkalinity (ppm) = T X N X 50,000 where T and N 
S 
are the volume and normality of the acid and S is the s a mpl e 
volume . 
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2.3.6 TOTAL HARDNESS 
The method described by lloyd and Pillai (1985) was used 
for measuring hardness. 2 ml buffer solution (ammonium 
chloride and ammonium hydroxide) was added to 100 ml sample 
followed by 8 drops of Eriochrome Black T indicator. After 
mixing, this was titrated against standard EDTA solution. 
Total hardness was measured following the formula, 
Total hardness (ppm) T X M X 1~0,000 where T and M are the 
S 
volume and normality of the standard EDTA solution and S the 
sample volume. 
2.3 . 7 NUTRIENTS 
A. NITRATE - NITROGEN 
Nitrate - nitrogen was estimated following the method of 
Morris and Riley and modified by Strickland and Parsons (1972) . 
1'0 '50 ml water sample, 2 ml buffer rea ge nt (phenol and 
sodium hyroxide) was added and with rapid mixing, 1 ml reducing 
agent (copper sulphate and hydrazine sulphate) was also added . 
The sample was kept in dark for 20 hours. 2 ml of acetone was 
added followed by 1 ml each of sulphanilamide and NNED. After 
10 minutes, the absorbance was measured at a wave length of 543 
mm in a spectrophotometer (Spectronic 20) . Absorbance for 
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standard nitrate solution and blank was also measur ed 
following the above procedure. Concentration of nitrate (ppm) 
in the sample was read from the standard graph. 
B. PHOSPHATE - PHOSPHORUS 
The method given by Murphy and Riley and described by 
Strickland and Parsons (1972) was us ed fo r the determination of 
r eactive phosphorus. 
5 ml of mix~d reagent (Molybdic acid, asco rbic acid and 
potassium antimony tartrate was added t o 50 ml of water samp l e. 
The resulting complex was reduced to a blue solution. After 5 
minutes and preferably within 2 to 3 hours, the absorbance of 
t'he solution was measured at 885 nm in a spectrophotometer. 
Sample concentration was read from the standard graph drawn 
with different concentration of potassium dihyd r ogen 
orthophosphate. 
C. NITRITE - NITROGEN 
Nit rite nitrogen was estimated by the method of Morris 
and Riley and described by Strickland and Parsons (1972). 
1 ml slphanilamide 
followed by 1 m 1 NNED. 
solution was added to 50 ml sample 
The solution was mixed thoroughly . 
Concentration of nitrite in the sample was read from the 
standard g raph drawn with the absorbance of the standard 
nitrite solution. 
27 
D. AMMONIA - NITROGEN 
Ammonia nitrogen was determined by the pheno l 
hypochlorite method (Solarzano, 1969) . 
To 50 ml water sample, 2 ml of phenol solution, 2 ml of 
sodium nitroprusside solution and 5 ml of oxidising reagent 
were added with thorough mixing . After an hour, absorbance was 
measured at 640 nm. Standard ammonia solution was prepared at 
different concentrations and the absorbance was noted. Sample 
concentration (ppm) was recorded from the standard graph. 
2.3 . 8 GROSS PRIMARY PRODUCTIVITY 
Oxygen technique (Gaarder and Gran, 1927) was used for 
the estimation of primary productivity . 
In this method, composite samples were collected in 
125 ml corning bot tle with glass stopper. These bot t les were 
categorised into light bottle and dark bottle, the later ones 
being painted with black colour. These bottles were kept 
suspended in the water column by means of a pole and string f or 
a period of 3 hours from 10 . 00 hrs. to 13.00 hrs. In the dark 
bottle, only respiration takes 
bottle both photosynthesis and 
place whereas in the light 
respiration take place. The 
difference in the oxygen content between light and dark bott l e 
was taken for estimating the gross primary productivity. 
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Gross primary productivity 
mgC/M3/hr 
L-D X 0 . 375 x 1000 
1.25 X A. 
where L is the dissolved oxygen in the light bottle and D the 
dissolved oxygen in the dark bottle afte r incuba tion, 1.25 is 
the photosynthetic quotient and A is the num ber of hours of 
incubation. 
2.3 . 9 PHYTOPLANKTON AND ZOOPLANKTON 
For determining the phytopl ankton and zooplankton 
concentration, the method followed by Rajalakshmi g1 al~ (1988) 
\~as used . 
50 litres of water sample was collected from the water 
column using a bucket . This water was poured into a nylon 
zooplankton net of 50 micron mesh size . The net is connected 
to a perspex cylinder of 100 ml volume, so that whatever 
residue filtered is finally collected in this bottle. Sediment 
was removed by decanting the supernatant liquid several times. 
The entire content was then transferred into a 250 ml me asu ring 
cylinder and a few drops of formalin was added. After 
settlement, 
for 1 M3 of 
the volume of zooplankton was noted and calculated 
water. 
50 litre water sample after separation of zooplankton by 
the above method was used for estimating the volume of 
phytoplankton. For this, the above wa t e r was poured into a 
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nylobolt phytoplankton net . As above, the phytoplankter s 
filtered was finally collected in a 100 ml bottle . The whole 
content was t r ansferred into a 250 ml measuring cylinde r and 
the settled volume of phytoplankton was measured. 
Veen 
2.4 SOIL QUALITY PARAMETERS 
Soil samples in triplicate were 
2 g rab having an area of 0 . 05 M . 
taken by means of a Van 
Collected soil samples after bringing to laboratory was 
used for determining pH . Afterwards the soil samples were 
dried at 100·C for 16 hrs which were then powdered and sto r ed 
in tight glass vials. 
2.4.1 pH 
The pH of soil in wet condition was determined using an 
Elico digital pH meter . 
2 . 4.2 ORGANIC CARBON 
Chromic acid method of Walkley and Black ( 1965 ) was used 
for the determination of organic carbon . 
1 gm powdered soil sample was taken in a 500 ml conical 
flask. To this, 10 ml of r N dichromat e solution was added and 
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mixed by swirling. 20 ml concentrated sulphuric acid 
containing 1.25% silver sulphate was added to the sampl e and 
was allowed to react for 30 minute s . The sample was then 
diluted to 200 ml with distilled 'water and to this 10 ml of 
concentrated phosphoric acid was added. Tt was then back 
titrated with 0.4 N ferrous ammonium sulphate solution using 1 
ml diphenylamine indicator . At the end point, the col.our 
changed from blue to brilliant green. Along with the sample, a 
blank was also run. The percentage of organic carbon was 
calculated by the formula; · 
Organic carbon (%) 3.95 
g 
( 1-1') 
S 
where T and S are the volume of ammonium sulphate used for 
sample and blank respecti vely and g, the weigh t of soil sample 
in grams . 
2.4.3 GRATN SIZE ANALYSTS 
Soil texture or g r ain size analysis of the soil was 
conducted by following the sieve and pipette method of 
Krumbein and Petti John (1938). 
25 gm dried sediment sample was taken in one litre beaker 
and 100 ml 6% hydrogen peroxide was added . The sample was kept 
overnight and the next morning it was heated gently over a 
water bath adding small quantities of hydrogen peroxide until. 
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there was no reaction. The contents of the beaker was washed 
down to a whatman No 42 filter paper. The sediment was then 
washed from the filter paper into a one litre beaker and 100 ml 
sodium hexametaphosphate was added and sti rred for 15 minutes. 
The sample was left overnight . 
The sediment was then transferred to the surface of a 
clean 62 micron sieve placed in a flat bottomed white enamel 
basin. 400 ml of distilled water was added while agi tating the 
seive and the sieve with contents were kep t in an oven at 100·C 
for 1 hour. The dried sieve with its contents was agitated 
over a large sheet of glazed white paper and any material which 
passed through it was transferred to the suspension in the 
basin . The fraction retained on the sieve was then weighed to 
get the weight of sand . 
The contents in the basin was washed down to a one litre 
cylinder with distilled water and was shaken well. Exactly 
after 7 minutes 44 seconds, a 20 ml pipette sample was 
withdrawn from a depth of exactly 10 cm below the surface of 
the suspension and was transferred to a preweighed China dish. 
It was then dried in the oven at 100 ·C and the difference in 
weight was taken as the weight of silt fraction in the 20 ml 
sample. This was later computed to the weight of silt in one 
litre of the sample . The n the weight of sand and silt 
fractions were added and deducted from 100 which gave the 
proportion of clay . 
" 
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2.4.4 BENTHOS 
Soil sample along with the benthos was collected by means 
2 
of a Van Veen grab having an area of 0 . 05 m . The soil thus 
collected was sieved through a 300 micron mesh to collect the 
macro - benthos . Small quantity of the stain rose bengal was 
added to the soil for the easy identification of benthos which 
were then collected by means of a forcep (Mason and Yevich, 
1967) . The collected benthos was preserved in 5% formalin and 
later the wet biomass of benthos was determined and computed 
fo r one square meter area of pond bottom. According to 
Damodaran (1973), the shell weight of molluscs should be 
included in the biomass of benthos . But in the present study 
no shelled organisms were encountered because of the 
seasonality of the experiment . 
2.5 GROWTH AND SURVIVAL RATE OF PRAWNS 
20 prawns were weighed in a small spring balance and the 
average weight of a prawn was taken . Like this 3 samples were 
taken. From this average daily g rowth in terms of gms/day was 
calculated. Survival rate of prawns was estimated after 
harvesting by complete draining of the pond . 
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2.6 STATISTICAL ANALYSIS 
One way analysis of variance was used for testing the 
significance of various parameters among different ponds of 
both Poyya and Chellanam (Snedecor and Coch r an, 19',6'1; Lana ri 
et ~., 
pairwise 
1989). In 
comparison 
the case of any significant difference, 
among different ponds was found out by 
Scheffe's test (Downie and Heath, 1970) to evaluate whether the 
ponds are significantly different from each other . Correlation 
analysis was conducted for determining the relationship between 
each parameter and the growth of prawns (Snedecor and 
Cochran , 19 ~'1 ). 
3. RES U L T S 
3.1 WATER QUALITY PARAMETERS 
3 .1.1 TEMPERATURE 
Particulars rega rding the water temperature in different 
commercial shrimp farms a re shown in figu r e 2 and table 1. It 
may be seen that in all the ponds, there is a g radual increase 
in temperature from the day of stocking to the day of 
ha rvesting . In pond 1, 2 and 3 at Poyya, the temperature 
ranged between 26. 52 ' and 32 . 06'C, 27.00' and 32.00 ' C and 
TEMPERATURE °C 
Location Poyya Chellanam 
Pond "No. 1 2 3 4 5 6 
Weeks 
0 26.52 27.00 27.01 27.17 27 .03 26 . 82 
2 26.74 27.00 27.07 27.71 27.30 27.17 
4 27 . 02 27.32 27 . 30 27.03 27.07 27.04 
6 27 . 03 28.12 28 . 42 27.87 27.90 27.82 
8 27 . 22 29 . 05 29.00 29 . 05 29.02 29.47 
10 28.26 32 . 00 32.17 29.31 29.30 29.57 VJ 
12 29.09 31. 72 -'" 
14 32 . 06 
16 31.81 
Mean 28 .42 A 28.89 A 28 . 50 A 28 . 02 A 27.94 A 27.98 A 
Cor relation 
[' Value 0.940 S 0 . 914 S 0.809 NS 0.844 S 0 . 940 S 0.911 S 
* Any two means having a common letter are no t significantly different. S- Significant . NS- Not Significant 
Table 1. Temperature of water recorded in different ponds at Poyya and Chellanam. 
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Fig. 2 
Temperature of water recorded 
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27.01' and 32 . 17'C r espectively . The temperature reco rd ed was 
within the range of 27 . 03 ' and 29 . 31 'C, 27 . 03' and 29 . 30 'C and 
26 . 82' and 29.57'C in pond no 4, 5 and 6 respectively at 
Che llanam . 
The average temperature recorded was 28 .42', 28 . 89', 
28 . 50', 28.02', 27 . 94 ' and 27 . 98'C in ponds 1, 2, 3, 4, 5 and 6 
respectively. 
Analysis of variance 
( table 20) showed no 
of temperature in diffe r en t ponds 
s i gnificant difference (P>0.05) . 
Co r r elation analysis between te mpe rature and g rowth of p r awns 
in each pond showed significant r elationship except in pond 3 . 
3.1. 2 SALTNITY 
The salinity values at different ponds in Poyya and 
Chel lanam a r e given in figu r e 3 and table 2 . 
POYYA 
The salinity values" " the ponds stud ied at Poyya showed 
wide variations during the zero week, the values being 12.86, 
28 . 32, and 28 . 64 ppt in ponds 1, 2 and 3 r espectively. Tn pond 
1, the values gradua lly i ncreased to a maximum of 35 . 86 ppt 
during t he 14th week . In pond 2, the salinity g r adually 
increased from 28 . 32 ppt in zero week to about 35 ppt during 
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the 10th and 12th weeks. In pond 3 also, the salinity was 
found increasing gradually from 28.64 in the ze ro week to 
34.43 ppt in the 10th week. The average salinity values, were 
28 .30, 31.57 and 30.58 ppt in ponds 1, 2 and 3 respectively. 
CHELLANAM 
In ponds 4, 5 and 6 at Chellanam the salinity indicating 
comparatively low values, increased from 18 .29 , 18.58 and 
17.57 ppt during zeio week to 22.52, 22 . 47 and 21:50 ppt 
respectively in the 2nd week. The lowest salinity values of 
10 . 13, 17.53 and 15.01 ppt were recorded during the 6th week in 
ponds 4, 5 and 6 respectively. The salinity during the 10th 
~eek was 16.23, 17.86 and 16.47 ppt in ponds 4, 5 and 6 
respectively. The average salinity was 16.94, 19.29, and 
17.50 ppt in ponds 4, 5 and 6 respect ively. 
Anova of salinity at different ponds (ta ble 20) showed 
significant difference (P<O .Oll. Pairwise comparison 
indicated that the salinity values of ponds 1, 2 and 3 were 
significantly different from those of ponds 4, 5 and 6. The 
correlation analysis showed that the salinity of water is not 
significantly affecting the growt h in any of the ponds. 
SALINITY ( ppt) 
Location Poyya Chellana m 
Pond No . 
Weeks 1 2 3 4 5 6 
0 12.86 28 . 32 28.64 18.29 18.58 17.57 
2 20.31 30.58 30.14 22.52 22 .47 21 . 50 
4 28.15 32 . 61 31.59 21.49 20.28 17.23 
6 30 . 32 33.48 34.01 10.13 17.53 15.01 
8 32.56 25 .52 24.72 12 . 98 19.03 17.27 
10 34.14 35.39 34.43 16.23 17 . 86 16.47 ..., 
ex> 
12 25.50 35 . 12 
14 35.86 
16 35.00 
Mean 28 . 30"'A 31.57 A 30 . 58 A 16 . 94"'8 19.29 8 17 . 50 8 
Correia tion 
r Value 0.658 NS 0.411 NS 0 . 282 NS - 0.618 NS - 0 . 568 NS - 0 . 621 NS 
'" Any two means having a common letter are not significantly different. S- Significant . NS- Not Significant 
Table 2 . Salinity of water recorded in different ponds at Poyya and Chellanam. 
Fig. J 
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3.1.3 DISSOLVED OXYGEN 
Particula r s regarding the dissolved oxygen content in 
water at mid depth of different ponds in Poyya and Chellanam 
are given in table 3 and figure 4 . 
POYYA 
In pond 1, the dissolved oxygen content was 5. 86 ppm 
during the zero week. Maximum dissolved oxygen concentration 
of 7 . 79 ppm was r ecorded in the 8th week, which decrea sed to 
6 . 33 ppm in the 16th week . The ave r age dissolved oxygen 
content was 6.50 ppm. 
Tn pond 2, the average dissolved oxygen con tent was 6 . 11 
ppm with a concentration of 5 . 64 ppm in ze ro week, which 
increased to about 7 ppm during the 8th and 10th weeks . 
Tn the 3rd pond, the concentration was between 4. 45 and 
4.85 ppm during zero week to 4th weeks which has increased to 
5 . 85 ppm in the 10th week . The average dissolved oxygen 
concentration recorded was 5 . 08 ppm . 
CHELLANAM 
Tn pond 4 at Chellanam, the dissolved oxygen 
concentration was 4 . 24 and 4 . 76 ppm during the ze ro and second 
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week respectively with the maximum value of 5.95 ppm recorded 
during the 4th week . Thereafter, the values decreased t o 
3.93 ppm in the 10th week . The average concentration was 
4.73 ppm. 
In pond 5, the concentration of dissolved oxygen above 
5 ppm was recorded only in the 2nd week . The dissolved oxygen 
concentration was below 5 ppm during the other weeks with a 
concentration of 4 . 64 ppm in zero and 4 . 63 ppm in 10th weeks. 
Average concentration was 4 . 67 ppm. 
In pond 6, the concentration was 4.74, 5 . 89 and 6.27 ppm 
during zero, 2nd and 4th weeks respectively . 
recorded was 5.76 ppm in the 10th week 
concentration recorded being 5.51 ppm. 
The concentration 
with the average 
Anova of dissolved oxygen concentration at different 
ponds showed significant difference (P <O.01). The disso l ved 
oxygen content of pond 1 was significantly different from tha t 
of ponds 3, 4 and 5. Correlation analysis of dissolved oxygen 
contents in va rious ponds showed that in ponds 1, 2 and 3, 
there exist a significant positive correlation betwee n 
dissolved oxygen and growth of prawns. 
D~LVED OXYGEN (ppm) 
Location Poyya Chellanam 
Pond No . 
Weeks 1 2 3 4 5 6 
0 5.86 5 . 64 4.45 4.24 4.64 4.74 
2 5 . 64 4.45 4 . 85 4.76 5.05 5.89 
4 6 . 08 5.76 4 . 64 5.95 4.65 6.27 
6 6.63 6.47 5 . 26 5.35 4.29 5.05 
8 7 . 79 7.98 5.45 4.14 4 . 73 5.32 
-I'-
10 6.84 7.28 5.85 3.93 4 . 63 5.76 N 
12 6.21 6 . 07 
14 7.12 
16 6 .33 
Means 6.50 A 6.11 AS 5 . 08 BC 4.73 C 4.67 C 5.51 AC 
Correlation 
r Value 0 . 708 S 0.772 S 0.875 S -0.223 NS - 0 . 408 NS 0.060 NS 
Any two means having a common letter are not significantly different. S- Significant. NS- Not Significant 
Table 3 . Dissolved Oxygen in water recorded in different ponds at Poyya and Chellanam. 
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3.1.4 WATER pH 
POYYA 
In pond 1, the water pH of 7 . 71 during zero week was 
decreased to 7 . 11 during the 2nd week. Thereafter the values 
started increasing reaching a maximum value of 7.76 during the 
10th week of culture. During the next four weeks, the values 
started declining to a low of 7 . 32 which later got stabilised 
till the end of culture period and the average pH wa s 7.48 
(table 4, figure 5). 
In the 2nd pond, the pH values ranged between 7. 03 and 
7.30, the lower values being observed during the beginning of 
the experiment and higher values dur ing the end . The ave r age 
value was 7.12 . 
In pond 3, the pH value r anged between 6 . 65 and 7. 28, the 
lower values being observed towards the end of the expe riment 
and higher values during the beginning, the ave ra ge value being 
7 . 03 . 
CHELLANAM 
Tn pond 4, at Chellanam, the pH was 8 . 39 during the zero 
week. The highest value of 8 .44 was r eco rd ed during the 8th 
week of culture . The ave ra ge value was 8 . 23 . 
WATBR pH 
Location Poyya Chellanam 
Pond No . 
Weeks 1 2 3 4 5 6 
0 7.71 7.03 7.28 8.39 8.37 7 . 92 
2 7.11 7.08 7 . 24 8 . 17 8.14 7.72 
4 7.38 7.13 6.99 8.31 8 . 15 7 . 94 
6 7.64 7 . 10 7.13 8.07 7.35 7.24 
8. 7 . 70 7.15 6 . 87 8.44 8.43 8 . 35 
10 7.76 7.05 6.65 7.99 8.36 8.47 
12 7.36 7.30 
14 7.32 
16 7.37 
Mean 7.48 A 7.12 A 7.03 A 8.23 8 8 . 13 8 7.948 
Correlation 
I' Value -0.192 NS 0 . 604 NS - 0.875 S -0 . 358 NS -0.009 NS 0.425 NS 
Any two means having a common letter are not significantly different. S- Significant. NS- Not Significant 
Table 4 . pH of water recorded in different ponds at Poyya and Chellanam. 
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In pond 5, the pH varied between 7.35 and B.43. It may 
be noted that values of around B. 3 were recorded during the 
first and last week of culture. The ave ra ge value was B.13. 
In pond 6, pH values of less than B were recorded during 
the first six weeks of culture and values above B were noticed 
during Bth and 10th week . The average value was 7.94. A 
comparison of pH values among the ponds showed that the pH of 
ponds 4, 5 and 6 at Chellanam are more than those in ponds 1, 2 
and 3 at Poyya. 
Anova of water pH in different ponds showed significant 
difference (P<O . Ol). Results of pairwise comparison between 
ponds indicated that the pH in ponds 1, 2 and 3 at Poyya are 
significantly different from that of ponds 4, 5 and 6 at 
Chellanam. Correlation analysis showed that only in pond 3, 
there exists a significant negative rel ationship between 
growth of prawns and pH of pond water . 
3.1.5 TOTAL ALKALINITY 
Particulars regarding the total alkalinity of wate r in 
various ponds are given in table 5 and figure 6. 
POYYA 
In pond 1, the total alkalinity was 147 .52 ppm in the 
zero week which decreased to 70.00 and 50 . 01 ppm in the 2nd and 
48 
4th weeks respectively . The values increased to around 140 ppm 
during the 8th and 10th weeks, which again decrea sed to 
102.53 ppm during the 16th week. 
Tn pond 2, the alkalinity value was 80.36 ppm in the 
zero week with the maximum concentration of 110.87 ppm recorded 
during the 12th week. 
In pond 3, total alkalinity value recorded was 117.58 ppm 
during the zero week which gradually got reduced to 62 . 58 ppm 
in the 10th week. 
CHELLANAM 
Tn pond 4, the total alkalinity during the zero week was 
140 . 87 ppm which gradually decreased to 125.38 ppm during the 
6th week. Maximum value of 190.69 ppm was r eco rded during the 
10th week . 
Tn pond 5, the alkalinity recorded was 160 . 68 ppm in the 
zero week . The minimum val.ue of 140 . 37 ppm and the maximum 
value of 172.56 ppm were recor.ded during the 6th and 10th 
weeks respectively. 
Tn pond 6, the value during the zero week was 137.59 ppm 
which increased to 152 . 98 ppm in the 4th week. The maximum 
value of 165 . 89 ppm was recorded in the 10th week. 
TOTAL ALKALINITY (ppm) 
Location Poyya Chellanam 
Pond No. 
Weeks 1 2 3 4 5 6 
0 147.52 80.36 117.58 140.87 160 . 68 137 . 59 
2 70 .00 100.68 110 . 78 160.68 165.93 142 . 53 
4 ' 50 . 01 100.10 90 . 98 140.87 147.68 152 . 98 
6 97.53 103.68 70.68 125.38 140.37 130.21 
8 140 . 24 95 . 67 65.87 136.89 154.89 122.61 
10 140.03 105.37 62.58 190.69 172.56 165.89 
-i'-
"" 12 115.74 110 . 87 
14 100.98 
16 102.53 
Mean 107 . 18*AB 99.53 AB 86.41 B 149 . 23"'C 157.02 C 141.97 AC 
Correlation 
r Value 0.150 NS 0.675 NS -0 . 989 5 0.297 NS 0.051 NS 0.127NS 
* Any two means having a common letter are not significantly different . 5- Significant. NS- Not Significart 
Table 5 . Total Alkalinity of water recorded in different ponds at Poyya and Chellanam . 
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The average total alkalinity values were higher being 
149 . 23, 157 . 02, and 141 . 97 ppm in ponds 4, 5 and 6 respectively 
at Chell anam . At Poyya, the values were lower being 107.18, 
99.53 and 86 . 41 ppm in ponds 1, 2 and 3 r espect ively . 
Anova of total alkalinity in different ponds showed 
signifi cant variation (P<O .Ol) . Pairwise comparison between 
ponds showed that pond 1 and 2 were s i gnifica ntly dif fe rent 
from the ponds 4 and 5 with respect to total alkalinity and 
pond 2 was significantly different fr om the ponds 4 and 5 and 
pond 3 was significantly different from ponds 4, 5 and 6 . 
Co rrelation analysis showed that only in pond 3, alkalinity has 
got a negative correlation with gr owth . Tn other ponds no 
positive or negative cor relation was obse rved . 
3 . 1 . 6 TOTAL HARDNESS 
Detai Is r ega rding the t ot a 1 ha rdness recorded in 
different ponds a r e shown in table 6 and figu re 7 . 
POYYA 
Tn pond 1, the t otal hardness was within a range of 11000 
and 12000 ppm du ring the zero and 6th weeks and between 5000 
and 6000 ppm during the 2, 8, 10, 12, 14 and 16th weeks. 
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In pond 2, the value was 6488.32 ppm dur i ng the zero 
week . The maximum value of 14915.85 ppm was recorded during 
the 2nd week . Thereafter the values gradually got reduced to 
5409 . 18 ppm in the 8th week and this later increased to 
7923.67 ppm in the 12th week. 
In pond 3, the total hardness was above 10,000 ppm 
during zero, 2 and 4th weeks . However during 6, 8 and 10th 
weeks, the values were 5538.69, 3143.80 and 3408.64 ppm 
respectively. 
CHELLAN AM 
Tn pond 4, the total hardness was above 5000 ppm during 
the zero and 2nd weeks and the values gradually decreased t o a 
minimum of 2618.52 ppm during the 10th week. 
In pond 5, the value was 4705.89 ppm during the zero 
week. Maximum value of 5018.88 ppm was recorded during the 2nd 
week which got reduced to 2759.95 and 3918.90 ppm during the 
8th and 10th weeks respectively. 
In pond 6, the values were in between 4000 and 4600 ppm 
during the zero, 2, 4 and 6th weeks and were reduced to 
2608.93 and 3484 . 68 ppm during the ath and 10th weeks 
r espec tively. 
. TOTAL HARDNESS (ppm) 
Location Poyya Chellanam 
Pond No . 
Week 1 2 3 4 5 6 
0 11309.61 6488.32 11508.23 5104.32 4705.89 4206 . 78 
2 5965.38 14915 . 85 12318.67 5433.63 5018.88 4206.08 
4 6717.83 6663.21 10329 . 86 4510.63 4508.31 4529.86 
6 11575.39 6719.37 5538.69 4419.07 4633.63 4203.91 
8 5999.82 5409.18 3143.80 3067 .85 2759 . 95 2608.93 
10 5918.97 6411.79 3408 .64 2618.52 3918.90 3484.68 VI w 
12 5119.83 7923.67 
14 5103.95 
16 5145.28 
Mean 6984.01 A 7790.20 B 7707 .98 B 4192 .34 C 4257.59 C 3873.37 C 
CorreIa t ion 
r Value -0 . 587 NS -0.477 NS -0.921 S -0.951 NS - 0 . 725 NS - 0 . 655 NS 
• Any two means having a common letter are not significantly different. S- Significant. NS- Not Significant 
Table 6 . Total Hardness of water recorded in different ponds at Poyya and Chellanam. 
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The average total hardness r eco rded were 6984 . 01, 
7790 . 20, 7707.98, 4192.34, 4257.59 and 3873.37 ppm in ponds 
1, 2, 3, 4, 5 and 6 respectively . The average value was found 
to be the highest in pond 2 and the lowest in pond 6. Tn all 
the ponds a gradual decrease in the value was not icable 
t owards the end of culture period. It may also be seen that 
the ponds at Poyya showed higher va lues compa red to the ponds 
at Chellanam. 
Anova of total hardness at va ri ous ponds showed 
significant difference (P<0 . 05). Pairwise comparison showed 
that the total hardness in pond 1 is significantly di fferent 
from that of all other ponds . The total hardness in pond 2 was 
also significantly different from that of ponds 4, 5 and 6. 
Likewise total hardness in pond 3 was significantly different 
from that of ponds 4, 5 and 6. However there is no difference 
among ponds 4, 5 and 6 with respect to total hardness. 
Analysis of correlaton co- efficient showed that in pond s 3 and 
4 there exists a significant negative relationship between 
total hardness and growth of prawns . 
3.1.7 NUTRIENTS 
A. NITRATE - NITROGEN 
Particula r s rega rding the concentration of nitrate-
nitrogen in water at different ponds are given in tabl e 7 and 
· figure 8. 
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POYYA 
Tn pond 1, the highest concentr a tion of 0 . 038 ppm was 
recorded during the zero week. Thereafter, the value 
g radually decreased to 0.013 ppm during the 8th week . Again 
it increased to 0.025 ppm during the 14th week and the 
concentration in 16th week was 0.019 ppm . 
In pond 2, the concentration during the ze ro week was 
0 . 017 ppm which suddenly dropped to 0.008 ppm during the 2nd 
week of the culture . The concentr a tion recorded during the 
10th and 12th week was 0.004 ppm . 
In pond 3, the concentration recorded during zero week 
was 0.011 ppm which suddenly dropped to 0 . 004 ppm during the 
conc . 
2nd week. The nitrate/was 0 . 006 ppm in 4th a nd 10th weeks and 
the maximum concentration of 0 . 013 ppm was r eco rded during the 
8 th week. 
CHELLANAM 
In pond 4, the concent ration during the ze ro week was 
0 . 008 ppm which increased to 0 . 009 ppm in th e 2nd and 6th weeks 
and 0.004 ppm during 4th and 8th weeks . 
during 10th week was 0.005 ppm . 
The concentration 
Tn pond 5, the concent rati on Ivas 0 . 013 ppm during the 
zero and 2nd weeks. The maximum concentration of 0 . 019 ppm was 
recorded during the 8th week. 
NITRATE NITROGEN (ppm) 
Location Poyya Chellanam 
Pond No. 
Week 1 2 3 4 5 6 
0 0.038 0 . 017 0.011 0.008 0.013 0.019 
2 0.023 0 . 008 0.004 0.009 0.013 0 .017 
4 0.015 0 . 013 0.006 0 . 004 0.004 0 . 002 
6 0.017 0.017 0.009 0.009 0 . 009 0.004 ~ 
-..J 
8 0.013 0.015 0.013 0 . 004 0.019 0.004 
10 0.021 0.004 0.006 0.005 0.013 0 . 013 
12 0 .024 0 . 004 
14 0 . 025 
16 0 .019 
Mean 0.022 A* 0.011 B 0 . 008 B 0.007 B* 0.012 AB 0.010 B 
Correlation 
r Value -0.104 NS -0.517 NS 0.105 NS -0.577 NS 0.296 NS -0.525 NS 
Any two means having a com mon letter are not significantly different. S- Significant, NS- Not Significant 
Table 7. Nitrate-Nitrogen concentration in water recorded in ponds at Poyya and Chellanam. 
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In pond 6, the highest concent ra tion 0 .019 ppm and the 
minimum concentration of 0 . 002 ppm were reco r ded during the 
zero and 4th weeks respectively . The concentration was 0 . 004 
ppm during the 6th and 8th weeks which increased to 0 . 013 ppm 
during the 10th week . 
The average concent ration of nitrate was 0 . 022, 0.011, 
0 . 008, 0 . 007, 0.012 and 0 . 010 in ponds 1, 2, 3, 4, Sand 6 
respectively. The highest average concentration of 0 . 022 ppm 
and the lowest average concentration of 0 . 007 ppm were 
recorded in ponds 1 and 4 respectively . 
Anova of nitrate concent ration at different ponds showed 
significant difference (P<O . Oll • Pairwise compa rison showed 
that the concentration in pond 1 was significantly different 
from that of ponds 2, 3, 4 and 6 while there was no di ffe rence 
between ponds 1 and S. Co rrel ation co-efficient analysi s 
indicated no significant rel ationship between nitrate 
concentra tion and gr owth of prawns . 
B. PHOSPHATE - PHOSPHORUS 
The concentration of nutrient phosphate in different 
ponds is shown in table 8 and figure 9 . 
60 
POYYA 
In pond 1, the highest concentration of 0.097 ppm was 
noticed during the zero \veek. Thereafter the concentration 
showed a reduction to 0.043 ppm during the 6th week. However, 
the values further increased to 0 . 065 ppm during 14th and 16th 
weeks. 
In pond 2, the phosphate concentration was 0.057 ppm 
during the zero week which gradually got reduced to 0.042 ppm 
during the 4th week . The values further increased to 0.076 ppm 
during the 6th week, with the highest concentration of 0.081 
ppm recorded during the 10th week . 
In pond 3, the concentration in zero week was 0 . 049 ppm 
and the values ranged between 0.043 and 0.051 ppm during the 
subsequent weeks. 
CHELLANAM 
In pond 4, a concentration of 0.074 ppm was obtained 
during the zero week which was reduced to 0.040 ppm in the 2nd 
week. Nevetheless, during the subsequent weeks, the phospha t e 
concentration increased ranging bet\veen 0.062 and 0.066 ppm 
with the maximum concentration of 0 . 089 ppm recorded during the 
10th week. 
Indicating comparatively high values, the phosphate 
concentration in pond 5 was 0.105 ppm during the zero weeks, 
PHOSPHATB PHOSPHORUS (ppm) 
.' 
Location Poyya Che llana m 
Pond No . 
Weeks 1 2 3 4 5 6 
0 0 .097 0 .057 0.049 0 . 074 0 . 105 0 . 049 
2 0.055 0.049 0 . 050 0. 040 0 .078 0 .043 
4 0.049 0 . 042 0 .043 0 .063 0 . 061 0 . 055 
6 0. 043 0 .076 0.048 0 . 063 0 . 040 "" 0 .062 ..... 
8 0.058 0 .067 0 .046 0 . 046 0 . 068 0.055 
10 0 . 049 0.081 0 . 051 0 . 089 0.179 0 . 147 
12 0.071 0 . 074 
14 0.065 
16 0 . 065 
Mean 0. 061 A 0 .064 A 0.048 A 0.066 A 0 . 092 A 0 . 065 A 
C orrela tion 0. 042 NS 0 . 730 NS - 0 . 281 NS -0 . 486 NS 0 . 387 NS 0.661 NS r Value 
* Any two means having a common letter are not significantly different. S- Significant . NS- Not Significant 
Table 8 . Phosphate- Phosphorus concentration in water recorded in different ponds at Poyya and Chellanam 
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which was reduced to 0.078 ppm in the 2nd week . During the 
subsequent weeks, the concent ra tion showed a further dec rease 
ranging between 0 . 061 and 0 . 068 ppm in the 4th and 8th weeks 
respectively. The highest concentration of 0 . 179 ppm was 
noticed during the 10th week. 
Tn pond 6, with a comparatively low concentration, 
phosphate value ranged between 0.040 ppm in the 6th week to 
0.147 ppm recorded during the 10th week . 
The average concentrationS of phosphate were 0 . 061, 0.064, 
0 . 048, 0.066, 0 . 092 and 0 . 065 ppm in 1, 2, 3, 4, 5 and 6th 
ponds respectively . Between the ponds of the two regions, the 
phosphate concentration observed was compa r atively high in 
ponds at Chellanam. Anova of phosphate concentration in 
different ponds showed no significant difference (P>0 . 05) and 
co rrelation analysis between phosphate concent ration and g r owth 
also did not show any significant rel ationship in any pond. · 
C. NITRITE - NITROGEN 
Details rega rding nitrite - nit rogen concentration in 
water are presented in table 9 and figu r e 10 . 
POYYA 
During the zero week in ponds 1 and 2, the concentration 
was very low being 0 . 002 3»d. 0 .004 ppm r espective l y. The 
concentration in pond 3 was so low that it was undetectable. 
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Tn pond 1, the nitrite concentration increased to 0.011 
and 0.018 ppm during the 2nd and 4th weeks respectively . 
During the subsequent weeks, the concentration again reduced to 
values between 0 . 001 and 0.009 ppm. 
In pond 2, the concentration was 0.002 ppm during the 
second week ranging thereafter between 0 . 004 and 0.007 ppm. 
In pond 3, the nit rite con cent ra tion increased to 0 . 003 
ppm during the 2nd week . The concentration in this pond was 
0 . 002 and 0 . 001 ppm during the 4th and 6th weeks respectively 
and thereafter the concentration was undetectable . 
CHELLANAM 
In pond 4, the nitrite concentration was 0 . 001 ppm during 
the 8th week and was undetectable during the rest of the 
period . 
In pond 5, the concentration was undetectable during ze ro 
and 2nd weeks and the concentration was 0.002 ppm during the 
4th and 6th weeks and 0.007 ppm during 8th and 10th weeks. 
Tn pond 6, the concentration was undetectable during 
ze r o to 4th weeks and 0.001 ppm during the 6th and 8th weeks 
and 0 . 007 ppm during the 10th week. 
NITRITE NITROGEN (ppm) 
Location Poyya Chellanam 
Pond No . 1- 2 3 4 5 6 
Weeks 
0 0.002 0.004 0 0 0 0 
2 0.011 0.002 0.003 0 0 0 
4 O. OlB 0 .005 0.002 0 0 . 002 0 a-
'" 6 0. 009 0.004 0 .001 0 0_002 0.001 
B 0.008 0.004 0 0.001 0.007 0.001 
10 0.002 0.004 0 0 0.007 0 . 007 
12 0.001 0 .007 
14 O. OOB 
16 O. OOB 
Mean 0.007 A* 0.004 AB 0.001 B 0 . 0002 B* 0.003 AB 0.002 B 
Correlation 
-0.31B NS 0 . 620 NS -0.401 NS 0.414 NS 0 . 935 S 0.729 NS r Value 
* Any two means having a common letter are not significantly different. S- Significant. NS- Not Significant 
Table 9. Nitrite-Nitrogen concentration in water recorded in ponds at Poyya and Chellanam. 
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Nitrite concentration In water recorded 
Fig. 10 In different ponds at Poyya & Chellanam 
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Average concentration in ponds 1, 2, 3, 4, 5 and 6 were 
0 .007, 0.004, 0 . 001, 0 . 002, 0.003 and 0 . 002 ppm respectively. 
It is obvious that there exists remarkable variation in nitrite 
concentration among the ponds of both regions with lower 
values noticeble at Chella nam . 
Anova of nitrite concen tration in different ponds showed 
significant difference among the ponds (P <O.Ol). Pairwise 
comparison showed that the concentration in pond 1 was 
different from those numbering 3, 4, and 6. Correlation 
an alysis showed that only in pond 5, there exists a significant 
positive relationship between nitrite concentration and growth 
of prawns. 
D. AMNONIA - NITROGEN 
The results of ammonia concentr ation in different ponds 
aze given in table 10 and figure 11 . 
POYYA 
During the zero week, the concentration was 0 . 028 , nil 
and 0 . 084 ppm in ponds 1, 2 and 3 respectively . Tn pond 1, the 
concentration was in the range of 0.028 to 0 . 091 ppm during 2nd 
to 12th weeks, the values increasing thereafter to 0.119 and 
0 .113 ppm during 14th and 16th weeks respectively . 
68 
In pond 2, the concentration increased to the maximum 
l evel of 0 . 196 ppm in 6th week, the values decreasing thereafter 
to 0 . 028 ppm in the 8th week . During the subsequent weeks, the 
values increased r eaching upto 0 . 182 ppm in the 12th week. 
In pond 3, the concentration was in the range of 0.168 
and 0 . 196 ppm during the 2nd to 6th weeks and the value was 
0 . 203 and 0 . 245 ppm during 8th and 10th weeks respectively . 
CHELLANAM 
In pond 4, at Chellanam, the concentration of ammonia 
was undetectable during the initial 4 Iveeks. Thereafte r the 
concentra tion increased to 0.084, 0.098 and 0 . 042 ppm during 
the 6, 8 and 10th weeks respectively. Like - wise. in pond 5 
also, the concentration was low during the initial 4 weeks 
(0 . 021-0 . 042 ppm) which increased to 0 . 140, 0.203 and 0 . 084 ppm 
in 6, 8 and 10th weeks respectively . Tn po nd 6 also, the 
concentration was low during initial 4 weeks ~ a nge 0 . 000-0.02D 
and high during 6, 8 and 10th weeks (0.084, 0 . 112 and 0.035 ppm) 
respecti vely ' . 
The average concentrations in ponds 1, 2, 3, 4, 5 and 6 
were 0.060, 0.082, 0.179, 0.037, 0.086 and 0 . 044 ppm 
respectively and the concentration was found to be the highest 
in pond 3. Between the ponds at Poyya and Chellanam, the 
ammonia nitrogen was of a lower order at Chellanam. 
AMMONIA NITROGEN (ppm) 
Location Poyya Chellanam 
Pond No. 
Week 1 2 3 4 5 6 
0 0.028 0 0.084 0 0.028 0 
2 0.035 0.049 0 . 175 0 0.021 0 . 021 
4 0.028 0.042 0.196 0 0.042 0 . 014 
6 0.056 0 .196 0.168 0.084 0.140 0.084 
a-
8 0.035 0.028 0.203 0.098 0.203 0.112 -.D 
10 0 . 042 0.077 0.245 0.042 0.084 0.035 
12 0.091 0.182 
14 0 .119 
16 0 .113 
Mean 0.061 A '-' 0.082 AS 0.179 S ,':-0.037 A 0.086 AS 0.044 A 
Correia tion 0.929 5 0.489 NS 0 . 821 5 0.732 NS 0.739 NS 0.670 NS 
r Value 
* Any two means having a common letter are not significantly different. S- Significant. NS- Not Significant 
Table 10. Ammonia-Nitrogen concentration in water recorded in different ponds at Poyya and Chellanam. 
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Ammonia concentration In water recorded 
Fi g. 11 In different ponds at Poyya & Chellanam 
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Anova of am monia concentration i n different ponds showed 
significant difference (P<O . Oll betlveen ponds. Pairwise 
analysis showed that the concentrations between ponds 1 a nd 3, 
3 and 4, and 3 and 6 were sig nificantly dif fe rent. 
Coll r ela tion analysis s howed that there exists a significant 
posit ive relationship between amm oni a concentration and g rowth 
in ponds 1 and 3. In other ponds there was no significant 
r elationship between g rowt h and a mmonia concentration. 
3 . 1 . 8 PR I MARY PRODUCTI VI TY 
The results of pri ma r y p roductivity in different ponds 
a r e shown in table 11 and figur e 12 . 
POYYA 
ze r o 
I n pond 1 a t Poyya the pri mary p r oductivity during the 
week was 281.24 mgC /M3/hr, increasing thereaft e r to 
583 . 91 mgC/M3/hr during the 6th week. During the s ubsequent 
weeks of culture, the values g r adually decreased to reach 
324 . 33 mgC/M 3/hr in the 16th week. 
The pri ma ry productivity v31ues in pond 2 was 198 . 42 
mgC/t~3 /hr in the zero week . From the 4th Iveek onwards the 
values g radually increased and reache d a max imum of 541.67 
mgC /M3/hr in the 12th week . 
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In pond 3, the primary productivity was 143.36 mgC/M 3/hr 
in the zero week which decreased to 121.36 mgC /M3/hr in 2nd 
week. The primary productivity theri increased to 299 . 32 
mgC/M 3/h r in the 8th week declining thereafter to 286.34 
mgC/M 3/hr in the 10th week . 
CHELLANAM 
Evincing a comparatively high primary productivity, 
4 at Chellanam indicated a value of 468.14 mgC/ M3/hr in 
week, which increased to 796 . 36 mgC/I'-1 3/hr in 
4th week . The lowest productivity of 345 . 36 mgC/M 3/hr 
pond 
zero 
the 
was 
recorded in the 6th week. The values l ate r increased to 
786.53 and 844 . 38 mgC/M3/hr during 8th and 10th weeks 
respectively. 
In pond 5, the productivity was 181 . 73 mgC/M3/hr during 
the ze ro week . During the 2nd and 4th weeks, the productivity 
values were 124.38 and 131.38 mgC/M 3/hr respectively. There 
was an increase in value during the subsequent weeks, the 
reco rded values being 193.96, 341.58 and 423.56 mgC/M3/hr 
during the 6th, 8th and 10th weeks respectively . 
In pond 6, the vlaue was 421.86 mgC/M3/hr during the zero 
week . From 4th week onwards, there was an increase in 
productivity reaching to a maximum value of 823 . 32 mgC/M3/hr 
in 10th week . 
Location 
Pound 
Week 
0 
2 
4 
6 
8 
10 
12 
14 
16 
Mean 
Correlation 
r Value 
No. 
1 
281.24 
348 . 41 
431 . 32 
583 . 91 
564.12 
524 .12 
431.89 
386.14 
324 . 33 
430 . 61*AB 
-0.088 NS 
GROSS PRIMARY PRODUCTIVITY (mgC/m3/hour) 
Poyya Chellanam 
2 3 4 5 6 
198.42 143.36 468 .14 181. 73 421.86 
162.31 121.36 764 . 32 124.38 361 . 73 
174 .19 164.39 796 . 36 131.38 451. 38 
268 . 23 243.23 345.36 193.96 539.11 
341.67 299.32 786.53 341.58 729 . 16 
398 . 44 286.34 844.38 423.56 823.32 
541 . 67 
297 .85*AC 209 .67*A 667.52 B 232.77 A 554 .43 BC 
0.893 S 0 . 913 S 0.317 NS 0.867 S 0.938 S 
* Any two means having a common letter are not significantly different. S- Significant. NS- Not Significant 
Table 11. Gross primary productivity recorded in ponds at poyya and Chellanam. 
...., 
v.> 
Fig. 12 
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Gross Primary Productivity recorded 
In different ponds at Poyya & Chellanam 
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The average primary productivity of 1, 2, 3, 4, 5 and 6th 
ponds were 430 . 61, 297.85, 209.67, 667.52, 232 . 77 and 554.43 
mgC/M 3/hr respectively, anova of which showed significant 
variation (P<O . Ol). Correlation analysis showed that in ponds 
2 , 3, 5 and 6, there exists a significant positive 
relationship between primary productivity and growth of 
prawns. 
3 .1.9 PHYTOPLANKTON 
Table 12 and figure 13 illustrate, the details regarding 
the phytoplankton concentration in different commercial ponds. 
POYYA 
. In pond 1, the phytoplankton concentration during the 
zero week was 1 . 14 ml/M3 of water. From 2 . 32 ml/M 3 of the 2nd 
week, the value increased to the maximum of 3 .34 ml/M3 in the 
6th Iveek. Later the values were found dec reasing to 1 . 72, 
1.84 and 1 . 39 ml / M3 during 12, 14 and 16th weeks respectively . 
With a comparatively low concentration of phytoplankton, 
pond 2 showed the minimum value of 0 . 81 ml/M3 during the 2nd 
week . Subsequently during 6th week, the concentration was 
found increasing to 1.30 ml/M3 and reaching the maxi mum vlaue 
of 1 . 73 ml / M3 during the 12th week . 
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Tn pond 3, the concentration during the zero week was 
0.77 ml/M3 which was reduced to a minimum value of 0 . 42 ml/M3 
during the 4th week . Thereafte r the value increased to the 
maximum of 1 . 43 ml/M3 in the 10th week . 
CHELLANAM 
Indicating a richer concentration of phytoplankton, 
pond 4 at Chellanam showed a value of 2 . 12 ml /M3 during the 
zero week . During the 2nd and 4th weeks, the values were found 
increasing to 3 . 3S and 3.47 ml/M3 . The minimum (2.04 ml/M3 ) 
3 va lues 
and maximum (3 . 92 ml/M ) I we r e recorded during the 6 and 10th 
weeks respectively. 
Pond S showed a concentration of 0 . 87 ml/M 3 in zero 
week, which decreased to the 10lvest concenty~~ion of 0.62 ml/~13 
during the 4th week . The concentratons in the subsequent weeks 
were higher and the maximum concent r a tion 1.72 ml/M3 was 
recorded in the 10th week. 
In pond 6, a concentration of 3.45 ml/M3 was recorded 
during the zero week. The value was found decreasing to the 
lowest concentration of 2.86 ml/M3 during the 2nd week. The 
concentration increase~ - thereafter to reach the maximum value 
of 4 . 90 ml/M3 in the 8th week. 
PHYTOPLANlCTON (ml/m3 ) 
Location Poyya Chellanam 
Pond No. 
Week 1 2 3 4 5 6 
0 1.14 0 . 97 0 . 77 2.12 0.87 3.45 
2 2 . 32 0.81 0 . 50 3.35 0.80 2 . 86 
4 3.10 0.84 0 . 42 3 . 47 0.62 3.70 
6 3.34 1.30 0.80 2.04 1.06 3.61 -.J 
-.J 
8 2.01 1.31 1.12 3.73 1.38 4.90 
10 2.13 1.20 1.43 3.92 1.72 4.72 
12 1.72 1. 73 
14 1.84 
16 1.39 
Mean 2 . 11*AD 1 . 17*AC 0 . 84*CE 3 .11*8D 1.08 AE 3 . 87 8 
CorreIa t ion 
-0. 418 NS 0 . 801 S 0 . 678 NS 0 . 503 NS 0.869 S 0.867 S 
r Value 
.. Any two means having a common letter are "Ot significan tly different. S- Significant, NS- Not Significant 
Table 12. Concentration of Phytoplankton recorded in ponds at Poyya and Chellanam. 
Fig. 13 
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Phytoplankton concentration recorded 
In different ponds at Poyya & Chellanam 
Phytoplankton concentration (mI/M3) 
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The average rhy t op lankton concentra tion was 2 . 11, 1.17, 
0 . 84, 3 .11, 1. 08, and 3 . 87 ml /M3 in ponds 1, 2, 3, 4, 5 and 6 
r e spectively. It is discernible tha t regionwise, ponds 4 and 6 
a t Chellanam indicated denser concentr ation. 
Anova of phytoplankton concentr ation a t different ponds 
s howed significant difference (P<O.Ol). Pairwise co mparis on 
showed significant diff e rence between ponds 1 and 3, 1 and 6, 
2 and 4, 2 and 6, 3 and 4, 3 and 6, 4 and 5, and 5 and 6. 
Co rrelation analysis indicated positive significant 
relationship between phytoplankton concentration and growth of 
p r awns in ponds 2, 5 and 6 . 
3 . 1.1 ZOOPLANKTON 
Particulars rega rd ing the variation of zooplankton during 
the culture period in different ponds at Poyya and Chellanam 
are depicted in t able 13 and figure 14 . 
POYYA 
The zoopl ankton concent ra tion in po nd 1 va ried between 
3 0 . 69 and 1.78 ml/M of wate r. The zoopla nkton content which 
was 0 . 86 ml/M3 in the zero week, was found increasing t o 1 . 34, 
1. 78 and 1. 01 ml/M3 during 2, 4 and 6th weeks respectively. 
The zooplankton concentration was found decreasing t o below 
1 ml/M3 du r ing the subsequent weeks. 
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Tn pond 2, values we re b~l ow 2 during zero week 
(1 . 93 ml/M3) and 12th week (1 .84 ml/H3 ). The highest value of 
2.62 ml/M3 was observed in the 8th week . 
In pond 3, the 
varying between 0.20 and 
CHELLANAM 
zooplankton 
3 0.45 ml/M . 
concent r ation was less, 
The zooplankton content in pond 4 was 1 . 45 ml/M3 during 
the zero week. Thereafter the values gradually incre ased to 
1.52, 1.98 and 2.43 ml/M3 during the 2nd, 4th and 6th weeks 
respectively. During the 8th wtOek, 
conceltt ration was drastically reduced t o 0 . 31 
the zoopla nkton 
ml/M3 . 
Tn pond 5, the zooplankton content 3 was below 1 ml/M 
throughout the study pe riod except du ring the 4th week. 
lowest value of 0 . 42 ml/M3 and Lite highes t value of 1 . 42 
were observed during zero and 4th weeks respect ively. 
The 
3 
ml/M 
Tn pond 6, the values were above 2 ml/M3 during all the 
weeks except 4th week whe r e the value noticed was 1 . 31 ml / M3 . 
The hi ghest value of 2 .67 ml/M3 was obtained in 10t h week . 
The ave r age zooplankton concentr ation obse rved in ponds 
1, 2, 3, 4, 5 and 6 were 0.99, 2 . 20, 0.30, 1.43, 0 . 81 and 
2 . 17 ml/M3 respectively. 
ZOOPLANKTON (mI/m3 ) 
Location Poyya Chellanam 
Pond No . 
Weeks 1 2 3 4 5 6 
0 0 . 86 1.93 0.32 1.45 0 . 42 2 .10 
2 1.34 2 .12 0.21 1.52 0 . 78 2.02 
4 1. 78 2 . 06 0.20 1.98 1.42 1.31 
6 1.01 2.38 0.30 2.43 0.80 2.42 co 
.... 
8 0.82 2.62 0.45 0.31 0.71 2.52 
10 0 .76 2.43 0.32 0.90 0.72 2 .67 
12 0 . 69 1.84 
14 0 .78 
16 0.84 
Mean 0.99*AC 2 . 20*8 0.30*AD 1.43*C8 0 . 81 CD 2 . 17 8 
Correlation 
r Value -0.594 NS 0.325 NS 0.405 NS -0. 405 NS 0.029 NS 0.616 NS 
* Any two means having a com mon letter are not significantly different. S- Significant. NS- Not Significant 
Table 13 . Concentration of Zooplankton recorded in ponds a t Poyya and Chellanam . 
Fig . 14 
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Zooplankton concentration recorded 
In different ponds at Poyya & Chellanam 
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Anova of zooplankton concentration at different ponds 
showed significant variation (P<O.Ol) . Pairwise compa ri son 
showed significant variation between ponds, 1 and 2, 1 and 6, 
2 and 3, 2 and 5, 3 and 4, 3 and 6 and 5 and 6. Correlation 
analysis showed no significant relationship between zooplankton 
concentration and g r ow th of prawns in all ponds. 
3.2 SOIL QUALITY PARAMETERS 
3 . 2 .1 SOIL pH 
The pH values of soil from ponds at Poyya and Che llanam 
in the we t condition a re shown in table 14 and figure 15 . 
POYYA 
Indicating a genera l slanl towards the acidic side, the 
pH in pond 1 at Poyya was in the rang e of 6.50 to 6.93 during 
the zero to 6 weeks . During the 8t h week, the pH value 
inc reased to a high of 7.43. Later there was a slight de c r ease 
in pH, reaching to 6 . 60 during the 16th week . 
In pond 2, the soil pH was in the range of 5.61 and 5.96 
during the ze ro to 6th weeks . During the 8 th week the pH value 
inc rea sed reaching a maximum of 6.94 during the 10th week . 
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In pond 3, the pH values throughou t the experiment were 
below 7 r anging between 6.32 and 6.90. 
CHELLANAM 
From the table 14 and figure 15, it is evident th at the 
pond soil at Chellanam is more of alkaline nature. In pond 4, 
the pH was 7.39 and 7.01 during ze ro and 2nd week, whi ch 
however decreased to 6.98 during the 4th week. In the 6th and 
8th week, the values again increased to 7.29 and 7.26 
respectively. 
In pond 5, the pH was in the range of 7.10 and 7. 34 
during the zero and 6th weeks . The values were found dec lining 
, 
to 6 . 94 and 6.81 during the 8th and 10th weeks respectively. 
In pond 6, the pH was always above 7 (range 7 . 07 - 7.90) . 
The average pH values were 6.91, 6 . 19, 6.60, 7.07, 7 . 13 
and 7.36 in ponds 1, 2, 3, 4, 5 and 6 respectively. 
Anova of soil pH in different ponds showed signifi cant 
difference (P<O.Ol). Pairwise compa rison showed significant 
difference between ponds 1 and 2, 2 and 4, 2 and 5, 2 and 6, 3 
and 4, and 3 and 6 . Correlation analysis indicated that only 
in pond 2, there exis t s a positive relationship between g r owth 
of prawns and soil pH. 
SOIL pH 
Location Poyya Chellanam 
Pond No. 
Weeks 1 2 3 4 5 6 
0 6 . 82 5.61 6 . 32 7.39 7.34 7.28 
2 6.50 5.96 6.47 7.01 7.10 7.90 
4 6.93 5 .71 6.90 6.98 7.34 7.62 
I .• J 00 
6 6.84 5-.94 6.37 7.29 7 .27 7.07 ' " v. 
8 7.43 6.53 6.76 7.26 6.94 7.24 
10 7.10 6.94 6.78_ 6.50 6.81 7.07 
12 6.95 6.65 
14 7.01 
16 6 . 60 
Mean 6. 91*AC 6. 19*8 6.60 CBD 7.07 A 7.13 AD 7.36 A 
Correlation 0.032 NS 0.837 S 0.591 NS -0.490 NS -0.753 NS -0.683 NS 
r Value 
* Any two means having a common letter are not significantly different. S - Significant. NS - Not Significant 
Table 14. Soil pH recorded in ponds at Poyya and Chellanam. 
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3 . 2.2 ORGANIC CARBON 
Particulars r ega rding the organic carbon content of soil 
in ponds at Poyya and Chellanam are given in figure 16 and 
table 15. 
POYYA 
Tn pond 1, the organic carbon concentration in the soil 
was 3.18% during the ze ro week, which decreased to 2 . 39% and 
2 . 86% in the 2nd and 4th weeks respectively . Later the value 
increased to 3.26% in the 6th week and to the highest value of 
3 .47% during the 10th week of culture . 
In pond 2, the organic ca r bon co ntent of 3 . 04% observed 
du ring the ze ro week was found increasing t o 3.16% during the 
2nd week. The value however decre ased subsequently, r eaching 
the lowest concentration of 2.78% during the 12th week. The 
highest concentration of 3.217. was r eco rded during the 10th 
week of culture. 
In pond 3, the concentration was in the range of 3.01 and 
3.51% throughout the pe r iod of culture without much 
fl unctations. 
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CHELLANAM 
Tn pond 4, the highest organic carbon content of 1 . 127. 
was recorded during the 4th week, while the lowest 
concentration of 0.457. was recorded in the zero week . During 
rest of the period, the organic carbon content varied between 
0.56 and 0 .9 7% . 
Tn pond 5, the organic carbon concentration was 0 . 86, 
0.91 and 0.96% during the zero,2 and 10th weeks respectively. 
The organic carbon content in the 4th, 6th and 8th weeks were 
1.26, 1 .37 and 1 . 10% respectively. 
Tn pond 6, the lowest concentr a tion of 0.80% was recorded 
in the 4th week. During the rest of the period, the organic 
carbon content was above 17. r anging between 1.06 and 1.317 • . 
The average organic carbon concentration was 3.04, 3.02, 
3 . 33, 0.79, 1.08 and 1.13% in ponds 1, 2, 3, 4, 5 and 6 
respectively. This indicates that organic carbon content in 
ponds at Poyya is much higher than that of the ponds at 
Chellanam . 
Anova 
significant 
of organic carbon content in different ponds showed 
the difference (P<O . Ol). Between I ponds, pairwise 
comparison showed that ponds at Poyya are significantly 
different from the ponds at Chellanam with rega rd to o r ganic 
ORGAN IC CARBON (!Ii) 
Location Poyya Chellanam 
Pond No. 
Weeks 1 2 3 4 5 6 
0 3.18 3.04 3 . 23 0.45 0.86 1.06 
2 2 . 39 3 .16 3.36 0.78 0.91 1.21 
4 2.86 2 .89 3.51 1.12 1.26 0 . 80 
6 3.26 3 .Hi 3.01 0 . 56 1.37 1.17 (Xl 
'" 8 3.10 2 . 97 3.39 0.83 1.10 1.24 
10 2.78 3.21 3.46 0.97 0 . 96 1.31 
12 3.32 2 .78 
14 3.03 
16 3 .47 
Mean 3.04*A 3.02 A 3.33 A 0.79*B 1.08 B 1 . 13 B 
Correlation 0 . 543 NS -0.283 NS 0.133 NS 0.420 NS 0.306 NS 0 . 468 NS 
r Value 
.. Any two means having a common letter are not significantly different . S - Significant. NS - Not Significant 
Table 15 . Organic Carbon content recorded in ponds at Poyya and Chellanam. 
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Organic Carbon recorded In different 
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ca rbon content but no significant difference is found to exist 
be tween the ponds of the same area. Correlation analysi s 
showed no significant relationship in any pond between g r owth 
of prawns and o r ganic carbon content. 
3 .2.3 GRAIN SIZE OF SEDIMENT 
For grain size analysis, a total of eight soil samples 
were collected from different areas of each pond which were 
mixed together and a subsample was analysed . 
In the department ponds 1 and 2 at Poyya,the soil sample 
contained 67.35% and 74.02% gravel . After separating the 
g ravel, the remain ing s.oi l sample in pond 1 and 2 contained 
41.35 and 36 . 38% sand, 29.74 and 29.08% silt and 28.91 and 
34 .54% clay respectively. In pond 3, the sand, silt and cl ay 
contents recorded we re 32.87, 28.94 and 38.197. respective l y . 
The sand, si it and clay content recorded in pond 4 a t 
Chellanam were 60 . 35, 20 . 21 and 19.44% respectivley. Tn pond 
5, the corresponding values recorded we re 60 . 78, 24.97 and 
14.25% respectively. The composition of sand, silt and cl ay 
observed in pond 6 were 66.47, 21.52 and 12.01% res pectively . 
It may be noticed that, in pond soil at Poyya, the sand 
con tent was low (32 . 87 to 41.35%) when compa red to that of the 
ponds at Chellanam (60 . 35 to 66.47%) . Obviously, the silt 
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(28.94 to 29.74%) and clay content (28 . 91 to 38.19%) were high 
at Poyya and low at Chellanam (Silt 20.21 to 24 . 97%; clay 12 . 01 
to 19 . 44%). 
3.2 . 4 BENTHOS 
The wet weight of macrobenthic community observed in 
various commercial ponds is illustrat ed in table 16 and 
figure 17. 
POYYA 
In pond 1 at Poyya, no macrobenthos was observed during 
the zero, 2, 4, 10, 12, 14 and 16th weeks . The macrobenthos 
concent ration was 1.34 and 3 . 06 mg/M 2 in 6th and 8th weeks 
respectively . 
Tn pond 2, macrobenthos was not observed, during the 
ze ro, 2, 6 and 
2 . 01, 2 . 43 and 
respectively. 
8th weeks . 
2 4.29 mg/M 
The concentration observed was 
during 4, 10 and 12th weeks 
Tn pond 3, the concentrations reco rded were 7.68 and 6.48 
mg /M 2 in the 4 and 8th weeks, while duri ng other weeks no 
benthos was observed. 
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CHELLANAM 
Compared t o the ponds at Poyya , ' the ponds at Chellanam 
were rich in benthos. In pond 4, the macrobenthos 
5 . 19 2 during concentration observed was mglM the zero we ek . 
After recording the lowest value of 3.89 mglM 2 during the 4th 
week, there was a sudden increase during the 6th we ek, the 
value being 12 . 86 2 mg /M . The values observed were 11. 33 and 
8. 67 mg/M2 during the 8th and ' 10th weeks respectively. 
In pond 5, the concentration during the ze ro week was the 
2 highest being 18.63 mg/M. Later the value was found 
dec reasing to 13 . 22 and 6.81 mg/M2 during the 2nd and 4th weeks 
respectively . After showing an increa se in 6th week t o 14. 60 
mg/M 2 , the concentration again was r educed to 10.24 mg /M 2 in 
8th week and to 8 . 48 mg/M 2 in the 10th week . 
In pond 6, also the highest concentration of 11.69 mg/M 2 
was noticed during the ze ro week which g r adually reduced t o 
10.39, 7.86 and 4 . 61 2 mg/M during the weeks 2, 4 and 6 
respectively. After an increase in concentration t o 10 . 33 
mg/M 2 in 8th we ek, the concentration again was reduced to 7.43 
mg /M2 in the 10th week. 
The average concentration of benthos in ponds 1, 2 , 
5 and 6 was 0.49, 1.25, 2.36, 7.71, 12 . 00 and 8.72 
respectively. 
3 , 4, 
2 
mg/M 
BENTHOS Wet weight ' mg/m2 ) 
Location Poyya Chellanam 
Pond No. 
Weeks 1 2 3 4 5 6 
0 0 0 0 5.19 18.63 11.69 
2 0 0 0 4.34 13 . 22 10.39 
4 0 2.01 7.68 3.89 6.81 7 . 86 
6 1.34 0 0 12.86 14.60 4.61 
..0 
.,... 
8 3.06 0 6.48 11.33 10 . 24 10.33 
10 0 2 .43 0 8.67 8.48 7.43 
12 0 4 . 29 
14 0 
16 0 
Mean 0.49"'A 1.25 A 2 . 36"'AC 7. n"'BC 12.00 B 8.72 B 
CorreIa tion 
r Value -0.187 NS 0.697 NS 0.259 NS 0.784 NS -0.564 NS -0.539 NS 
.. Any two means having a common letter are not significantly different. S - Significant. NS - Not Signficant 
Table 16. Concentration of Benthos recorded in ponds at Payya and Chellanam. 
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Benthos concentration recorded In 
Fig. 17 different ponds at Poyya & Chellanam 
Wet weight (mg/M2) 
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Anova of macrobenthos concentra tion at different pond s 
showed significant variation between 1 and 4, 1 and 5, 1 and 6, 
2 and 4, 2 and 5, 2 and 6, 3 and 5 and 3 and 6. Analysis of 
correlation revealed that in no ponds, significant relationship 
existed between benthos concentration and the growth .of 
prawns. 
3.3 GROWTH RATE, SURVIVAL RATE AND PRODUCTION 
The average weight (gm), growth r ate (gm/day), survival 
rate ( %) and production (kg) of prawns in different ponds a re 
given in table 17, 18 and 19 and figure 18. 
In pond 1, the average weight of the prawns at s t ocking 
was 0 . 006 gm which increased to 0.170 gm in the second week, 
registering a growth rate of 0.011 gm/day for the period zero 
to 2 weeks . With a growth rate of 0 . 026 gm/day the prawns , 
showed an increase in average weight to 0 .540 gm in the 4th 
week. Thereafter with a gradua l increase the average we ight 
J 
reached to 6.178 gms in the 12th week . The highest aver age 
grwoth rate of 0.154 gm/day was recorded during the weeks 10 to 
12 . However during the next weeks of 12 to 14 and 14 to 16 , the 
g rowth rate reduced to 0 . 053 and 0. 99 gm/day. The aver age 
weight of prawn at harvesting was 8 . 338 gms . 
AVERAGE WEIGHT OF PRA WNS ( gms) 
Location Poyya Chellanam 
Pond No. 
Weeks 1 2 3 4 5 6 
0 0. 006 0. 006 0 . 044 0.124 0.124 0.124 
2 0.170 0.104 0.554 0.680 0.896 0.739 
4 0. 540 1.238 2 . 163 3.412 2.534 3 . 898 
6 1.852 1.567 2.953 5.297 4. 793 6.964 ..0 
...., 
8 2. 293 2.497 3.236 7 . 033 6.378 8.631 
10 4.013 2.993 3.894 . 8.490 7.584 10.384 
12 6.178 3.168 
14 6.942 
16 8 .338 
Table 17. Average weight of Prawns recorded during different weeks in ponds at Poyya and Chellanam. 
Fig . 18 
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Average weight of prawns recorded In 
different ponds at Poyya & Chellanam 
Average weight (gm) 
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GRO WTH RATE (gm/day ) 
Location Poyya Chellanam 
Pond No . 1 Weeks 2 3 4 5 6 
o - 2 0 . 011 0 .007 0 . 036 0.039 0.05 0 . 043 
2 - 4 0 . 026 0.081 0 . 114 0.195 0.117 0 . 225 
4 - 6 0 . 093 0 . 023 0.056 0 . 134 0.161 0 .219 
6 - 8 0 . 031 0.066 0.020 0 . 124 0 . 113 0.119 
'" 8 - 10 0.122 0.035 0.047 0 . 104 0.086 0.125 
'" 
10 - 12 0 . 154 0 .012 
12 - 14 0.053 
14 - 16 0.099 
Mean 0.074 A 0.037 *A 0.055 A 0 . 119 8 0.106 *8 0.146 *8 
Any two means having a common letter are not significantly different. S - Significant. NS - Not Significant 
Table 18: Growth of prawns recorded in diffeent ponds at Poyya and Chellanam. 
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Tn pond 2 also, the average weight at stocking was 0.006 
gms which increased to 0.104 gm (0 . 007 gm/day) and 1.238 gms 
(0.081 gm/day) during 2 and 4th weeks respectively. The 
average weight further increased to 2.497 and 2.993 gms with 
growth rate of 0 . 066 and 0 . 035 gms/day during 8 and 10th weeks 
respectively. The average weight at harvesting was very low, 
the value being 3 . 168 gms. 
Tn pond 3, the average weight at stocking was 0.044 gm 
which increased to 0.554 gm in the 2nd week (0 .036 gm/day). The 
growth rate further increased to 0.114 gm /day during 4th week 
and the corresponding average weight was 2.163 gms . The gr owth 
rate was again found to be decreasing to 0.056 gm/day during 
the period 4 to 6th weeks . The avera ge weight at harvesting 
was 3.894 gms which was higher compared to that of 3 . 168 gm 
recorded in pond 2 . 
CHELLANAM 
Tn all the ponds at Chellanam, the average weight at 
stocking was 0 . 124 gms which increa sed to 0.680, 0.896, and 
0.739 gms during the 2nd week in ponds 4, 5 and 6 respec tive ly . 
The corresponding growth rates were 0 .039, 0 . 055 and 0.043 
gm/day. 
101 
In pond 4, the average weight during the 4th week was 
3 . 412 gms which increased to 5.297 gm during the 6th week. The 
average growth rates recorded were 0 .195 and 0 .134 gm/day in 
weeks 2 to 4 and 4 to 6 respect ive l y, the former bei ng the 
highest growth rate recorded in this pond . The average weight 
at harvesting was 8 . 490 gms and the growth rate recorded was 
0.104 gm/day (8 - 10 weeks). 
In pond 5, the average weight in the 4th week was 2 . 534 
gms which increased to 4 .793 and 6.378 gms during the weeks 6 
and 8 respectively. The highest growth rate of 0.161 gm/day 
was recorded in 4 t o 6th weeks period. The average weight at 
the time of harvesting was 7.584 gms. 
Tn pond 6, the average weight obtained during the 4th 
week was 3.898 gms followed by 6 . 964 and 8 . 631 gms in 6 and 8th 
weeks (growth rate 0.219 and 0.119 gm /day) respectively . The 
average weight at harvesting was 10 . 384 gms which was the 
highest average weight recorded among all the ponds . 
The prawns in all ponds at Chellanam were harvested in 
the 10th week and the average size of prawns was 8 .490, 7.584 
and 10 .384 gms in ponds 4, 5 and 6 r espec tively . The ave ra ge 
daily growth in ponds 1, 2, 3, 4, 5 and 6 ,,,ere 0.074, 0 . 037, 
0 . 055, 0.119, 0.106 and 0 .146 gms/day respectively . 
Pond Ar-ea stocking Days of Sur-vival Pr-oduction Pr-oduction 
No. (hal density culture rate Kg/pond Kg/ha/90 days 
No . /ha % 
1 0.4 2,19,000 128 10.09 73 . 74 129.62 
2 0 . 2 2,33,000 95 26.08 38.51 182.43 
3 0 .'1 2,14,000 77 37.13 216.92 362.20 
4 0.5 1,41,900 76 72.29 435 . 50 1090.33 ..... 
0 
N 
5 0.6 2,31,666 76 61.30 646.20 1376 . 34 
6 0.8 1,03,000 76 79.79 682.79 981. 28 
Table 19: Area of pond, stocking density, survival r-ate and pr-oduction r-ecor-ded in differ-ent 
ponds at Poyya and Chellanam. 
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Table 20: Analysis of variance of va r ious parameters r ecorded 
in Chapter I 
F Value 
Source D.F. S.S M.~ Calculated Tabled 
Temperature (table 1) 
Trea t ment 5 4 .60 0.920 0.319 2 . 49 
Err or 34 98.05 2 . 883 
Total 39 102 . 65 
Salinity (table 2) 
Tr ea tment 5 1501.83 300.36 13.247 3.61 
Error 34 770.94 22.67 
Total 39 2272.77 
Dissolved oxygen (table 3) 
Treatment 5 20.32 4.06 8 . 875 3 . 61 
Error 34 15 .59 0 . 45 
To ta l 39 35.92 
pH (table 4) 
Treatment 5 8.44 1.68 2.1·3111 3 · 61 
Error 34 2.71 0.07 
Total 39 11.15 
Total Allcalinity (table 5) 
Treatment 5 27308.05 5461.61 11.117 3.61 
Error 34 16703.05 491.26 
Total 39 44011.1 
Total Hardness (Table 6) 
Trea tment 5 1136300 2272.60 3.605 2.49 
Error 34 2142900 63026.47 
Total 39 3279200 
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F Value 
Source D. F . 5 .5. M.SS Calculated Tabled 
Nitrate (table 7) 
Treatment 5 0.0011 0 . 00022 6.875 3.61 
Error 34 0.0011 0 . 000032 
Total 39 0.0022 
Phosphate (table 8) 
Treatm ent 5 0.007 0.0014 2.089 2.49 
Error 34 0.023 0 . 00067 
Total 39 0.03 
Nitrite (table 9) 
Treatment 5 0.0003 0 . 00006 6.81t1 3.61 
Error 34 0 .0003 0 . 0000088 
Total 29 0.0006 
Ammonia (table 10) 
Treatment 5 0 .08 0 . 016 5.161 3 . 61 
Error 34 0 . 106 0 . 0031 
Total 39 0.186 
Primary Productivity (table 11) 
Treatment 5 1040060 208012 
10 .185 3.61 
Error 34 694360 20422 
Total 39 1734420 
Phytoplankton (table 12) 
Treatment 5 46.59 9.318 24.65 3 . 61 
Error 34 12 . 87 0 . 378 
Total 39 59.46 
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I" Value 
Source 0.1". 5.5. M.SS Calculated Tabled 
Zooplanktm (table 13) 
Treatment 5 18. 65 3.73 
Error 34 6.12 0.180 20.726 3.61 
Total 39 24.77 
, 
Soil pH (fable 14) 
Treatment 5 5 .79 1.159 10.348 3 . 61 
Error 34 3.81 0.112 
Total 39 9.61 
OlJlanic Carbm (table 15) 
Treatment 5 45.10 9.021 166.74 3.61 
Error 34 1.84 0 . 054 
Total 39 46.94 
Benthos (table 16) 
Treatment 5 744.78 148.95 17 .155 3 . 61 
Error 34 295.23 8.68 
Total 39 1040 . 01 
Growth rate (table 18) 
Treatment 5 0.046 0.0092 3.68 2.56 
Error 28 0.07 0 . 0025 
Total 33 0.116 
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Anova of daily growth rate 
significant difference (PiO . OS). 
signific.ant difference in average 
ponds of Poyya and Chellanam . 
in different ponds showed 
Pai rwise comparison showed 
dai ly gr owth ra te between 
Between the ponds of the two regions, the survival rate 
of prawns in ponds at Poyya ranging 10 . 09 and 37 . 13% was very 
low when compared with the survival rate of 61.30 to 79.7910 
recorded in ponds at Poyya . Corresponding to the low survival 
rate, the quantity of prawns harvested was also low in ponds at 
Poyya. For comparison, the quantity harvested in each pond was 
computed for 90 days culture per hectare, eventhough the 
culture period was different in various ponds. The estimated 
quantity harvested in ponds 1, 2 and 3 at Poyya was 129 . 62, 
182 . 43 and 362.20 kg/ha/90 days respectively . On the other 
hand, in ponds 4, Sand 6 at Chellanam, the quantity harvested 
was 1090 . 33, 1376 . 34 and 981.28 kg/ha/90 days. These data 
indicate that ponds at Chellanam are more productive than the 
ponds at Poyya. 
4. DIS C U S S ION 
Prawns form a pr ominent export commodity among ma rine 
products. Due to very high export demand, prawn farming has 
been undertaken on a war footing in India . Prawns are 
primarily grown in brackishwater areas and the medium of 
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brackishwater is characterised by frequent change s in 
environmental parameters . Prawns appear to have a 
wide range of environmental requirements and a thorough under-
standing of the same is an essenti.l prerequisite for l ocating . 
designing and managing prawn farms successfully. 
Environmental parameters include water quality, s oi l 
quality and biological characteristics of which water qualit y 
is of prime importance. A chinese proverb in aquaculture 
states "Cultivating water is a must for aquaculture" whi ch 
emphasizes the importance of water quality management in 
aquaculture. A sufficient quantity of good quality brackish-
water is essential for any aquaculture operation. The fact o r s 
controlling the composition of pond water are extremely varied 
and they include physica l, chemical and biological process es . 
To keep water properties within safe levels, one mu st 
understand those processes so that the elements inhibiting 
prawn growth and survival can be detected and their impa ct 
minimized. The practice of semi-intensive and int ensive 
culture systems usually results in pollution of the culture 
water from uneaten food and waste products of cultured 
organisms. Therefore, water quality management is one of the 
most important culture practices, especially in semi-intensi ve 
and intensive culture systems . 
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Water quality parameters which require judicious 
manageme nt include temperature, salinity, disolved oxygen, pH, 
alkalinity, hardness, nutrients and productivity . 
Temperature is considered to be the most important 
parame ter influencing the various hydrobiologica\ parameters in 
an ecosystem. In commercial farms at Poyya, in the present 
study, temperature varied widely between 26.52 0 and 32.17" C 
because of extended culture period during the summer from 
January to April. On the other hand, ponds at Chellanam 
recorded a narrow range of temperature varying between 26 . 82 0 
and 29.57" C which may be because of the short dura tion of 
culture during January - March which does not cover the entire 
summer season. Eventhough the range is d ifferent in ponds at 
Poyya and Chellanam, there exists no significant difference in 
tempe rature between the ponds Statistically . An evaluation of 
the influence of temperature on the growth of prawns showed 
that there exists a positive relationship between the two in 
all the ponds except in pond 3 at Poyya. According to Cruz, 
(1991), temperature is considered to have a governing effect o n 
the apetite of shrimps. 
a re greatly influenced 
Shrimps are poikilotherms and hence 
by the ambient temperature. Similar 
obse rvat ions establishing the influence of ' temperature on the 
g.rowth of shrimp are also made by Zein-Eldin and Griffith, 
(1969); Liao" (1969); Venkataramaiah et a1., (1974) and 
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Farmanfarmaian and Moore, (1978). In pond 3 at Poyya, the non 
significant effect of temperature on the growth of prawns may 
be due to the comparatively low productivity . 
Aquacop (1984) has reported t hat the optimum temper ature 
for the growth of shrimp P . indicus and P . inonodon are 22 to 
33°C and 24 to 34°C respectively . According to Padlan (1990), 
the desirable temperature range suitable for the growth of 
P. monodon is 28 to 33"C . It may be therefore surmised that the 
temperature range of 26.52° to 32 . 17°C observed in the ponds 
at Poyy:a and Chellanam in the pr esent case is ideal for the 
growth of 
Salinity is the master environmental factor affecting the 
physiological mechanisms of estua r ine organisms (Kinne, 1966). 
The average salinity in ponds at Poyya ranged between 28 . 30 and 
31.57 ppt. Analysis of variance show'ed no signif icant 
difference in salinity between diffe rent ponds at Poyya . 
Likewise, the average salinity in ponds at Chellanam narrowly 
ranged between 16 . 94 and 19 . 29 ppt and hence there was no 
significant difference in salinity among the ponds . 
Nevertheless> between the ponds at Poyya and Chellanam, 
the average salinity level at Poyya was found to be at a higher 
level of above 28.30 ppt which may be due to the proximity of 
the region to the barmouth when compared to the ponds at 
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Chellanam situated away from the barmouth where the aver age 
salinity was less than 19.29 ppt. Gopinathan et ~., (1982) 
also reported higher salinity in ponds at the northern end of 
Cochin backwater \~hich also includes Poyya. Since the re was 
significant difference in salinity, ponds at Poyya and 
Chellanam may be considered as belonging to two differ ent 
salinity regimes. Notwithstanding the above fact, ' low salinit y 
observed during some weeks at Poyya may be owing to the 
dilution of salinity with rain water. 
, According to ~luthu (1980), the salinity ideal for the 
growth of ~ indicus is 10 to 35 ppt. Since the same species 
was used in the present study, the salinity values ranging 
between 12.86 and 3S.39 ' ppt and 10.13 and 22.52 ppt reco rded in 
ponds at Poyya and Chellanam respectively may be considered as 
optimum for their growth. 
Dissolved oxygen concentration in brackishwater ponds is 
very important both as a regulator of metabolic process of 
plants and animals and as an indicator of condition of water. 
Low dissolved oxygen is one of the most common causes of 
reduced growth and survival of prawns. According to Suseel an 
(1978) , Liao and Murai (1986) and Courtney (1989 ) , the 
favourable dissolved oxygen concentration for the growth of 
prawns is above 3 to 4 ppm. The dissolved oxygen values Gf 
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4.45 to 7.79 ppm in ponds at Poyya and 3.93 to 6.27 ppm in 
ponds at Chellanam in the present study also lie within the 
optimum range reported by the above said authors. 
Nevertheless, a comparison of dissolved oxygen content 
between the ponds at Poyya and Chellanam showed slightl y highe r 
t:\'e 
values in ponds at Poyya . This may be on account of I mode of 
exchange of water exclusively by pumping resulting in thorough 
agitation in ponds at Poyya in contrast to the water exchange 
both by pumping and tidal exchange in ponds at Chellanam. 
pH of water is a significant parameter influencing the 
concentration of various compounds in water and also the 
different physiological functions in the body of aquatic 
o rganisms. The pH in a water body can be influenced by variou s 
factors such as alkalini ty, salinity, temperature and organi c 
ma tter content. Tn the present study, it is noticable that i n 
ponds at Poyya which are situated nearer to the sea, pH values 
were generally less than 7.5 with a range of 6.65 to 7.76. At 
Chellanam on the othe r hand, the pH was generally higher than 
7.5 ranging between 7.24 and 8.47, thereby showing that th e 
ponds at Poyya and Chellanam belong to two different ecologi cal 
systems with respect to pH. 
A pH range of 7.5 to 8.5 is reported to be ideal for the 
. farming of penaeid prawns (Muthu, 1980). However according t o 
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Chi ang et al . , (1989), the ideal pH range for culture of prawn 
is 7.5 to 9.0. In the present study, i t is noticable that in 
ponds at Poyya, pH values were generally l ess than 7.5. On the 
. other hand, . in ponds at Chellanam pH was mostly above 7. 5, 
wh ich shows that ponds at Chellanam are more suitable for prawn 
farming. 
It is an established fact that the pH of water is a 
ma nifestation of soil pH (Unf.lithan, 1985). An evalua tion of 
the soil pH in the present case also shows lower pH as in water 
at Poyya thereby substantiating that the soi l pH can be one of 
the factors influencing the water pH. It may also be obse r ved 
that eventhough ponds at Poyya are nea rer to the sea, t he 
expected high pH is not recorded, probably because of the 
leaching effect of the organic re sidues, an observati on made 
also by Gopinathan ~ ~., (1982) and Gopa1an et a1., (1983) in 
the same area. Boyd (1992), also f ound that the pH of wat er 
can be reduced t o l ow values because of the l eaching of acid 
causing mat~rial fr om organic residue s . 
\ 
The pH observed in the pres ent study va ried very little 
and ranged between 6 . 65 and 7.76 in po nds at Poyya and 7 .24 an 
8. 47 in ponds at Chellanam. A narrow pH range in shrimp pond s 
\~ as also reported by Chakrabor·ti: ~ ~ . ; (198 5 and 1986) and 
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Cheng and Chen (1990 ) . This may be on account of the buffe ring 
action of estuarine water as has been also described by Reid 
and Wood (1976). 
Total alkalinity provides carbon dioxide, a vital 
compound for photosynthesis in aquatic systems ( Unnithan, 
1985). Boyd (1982) reported that the alkalinity and pH in 
water are interrelated. This is clearly demonstrated in the 
present context also. As seen in fi g . 5 and 6, in pond 1 at 
Poyya, when alkalinity decreased to 70.00 ppm during the 2nd 
week from 147 . 52 pp m in the zero week, pH also decrea sed t o 
7.11 in the 2nd week from 7.71 ppm in the zero week. Agai n , 
when the alkalinity increased to 140 . 24 ppm,. pH also inc reased 
to 7.70 in the 8th week. Further, the low alkaline values 
recorded in the present study at Poyya in comparison with th at 
a t Chellanam may be owing to the low pH in water that preva iled 
in ponds at Poyya. 
While evaluating the productivity fas;tors in some 
brackishwater .ponds, Mathews (1992) recorded low alkalinity 
values of 22 . 5 to 45 ppm and 54 to 111 ppm in ponds at Chittoor 
and Narackal respect ively . On the other hand, Chakraborti 
et a1., (1985) and Chakraborti and Das (1988 ) r eported 
alkalinity values ranging between 58 t o 172 ppm and 89 to 153 
ppm respectively in brackishwater ponds at Kakdwip. The 
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recorded alkalinity values of 50.01 ppm and 147.52 ppm in ponds 
at Poyya and 122.61 ppm and 190.69 ppm in ponds at Chellanam in 
the present study are in agreement with the observations mad e 
at Kakdwip. 
In general, fish farms with alkalinities of more than 50 
ppm are reported to be most productive , while waters with le ss 
than 10 ppm rarely produce large crops, and water inter mediate 
between these groups may prgduce us~ful results (Bane rje a, 
1967). Based on this, the ponds at Poyya and Chellanam with 
alkalinity values of 50.01 to 147.52 and 122.61 to 190.69 ppm 
respectively can be considered as most productive. However , 
between the ponds at Poyya and Chellana m, the alkalinity values 
at Poyya are comparatively low in accordance with low pH values 
observed in these ponds . 
Gopinathan et al ., (1982) reported that the nitrat e 
concentration in brackishwater ponds near to Cochin estuarine 
system widely ranged between 0.003 and 0 .069 ppm with moderate 
or high values in the middle region and low values a t both 
southern and northern regionS of the estua ry. Simi 1 a r 
observation was also made by Gopalakrishnan et al., (1988 ), who 
reported higher nit rate con cent ration (0 .038 - 0 . 160 ppm) in 
ponds at the middle region and low concentration (0.005 - 0 . 06 2 
ppm) in ponds at the northern end of Cochin estuarine system. 
115 
'\, 
Devapiriyan (1990) and Mathews (1992) have also observed higher 
concentrations of nitrates (0.067 - 0 .186 and 0 . 002 - 0 . 032 
ppm) in brackishwater fields at Vypeen Island situated in the 
rilidd le region of the estuary . However in the present study 
lower values (0.002 to 0.019 ppm ) were obtained in the middle 
region (Chellanam) and higher values (0 . 004 - 0.038 ppm ) in the 
northern region (Poyya) of the Cochin estuarine system . This 
difference may be due to the variations in sampling time, 
season and addition of fertilizers and manures (Boyd, 1982). 
A scrutiny of the nitrate concentration in diff e r ent 
ponds at Poyya and Chellanam showed that the values flu-ctat e 
widely during the culture period . Such wider variation may be 
on account of the biological utilization ( Upadhayay, 1988) and 
regeneration from bottom sediment (Mollah, et al . , 1979). 
According to Seymour (1980), the increasing natural level 
of nutrients especially phosphorus is essential for activating 
trophic chains . Orthophosphate is a limiting factor in aquatic 
systems influencing the algal growth ( Heath et al., 1980). In 
brackishwa ter ponds nea r to Cochin backwaters, Gopalakri s hnan 
et al., (1988), Devapi riyan (1990) and Mathews (1992 ) r epo rt ed 
phosphate concentration of 0.005 to 0.160, 0.042 to 0.1 59 ppm 
and 0 . 004 to 0.144 ppm respectively . In compa rison to t hei r 
observation, the phosphate concentration of 0.043 to 0 . 097 and 
0.040 to 0 . 179 ppm recorded in pond s at Poyya and Chellanam 
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respectively in the present study are less. This ma y be on 
account of the variations in the utilization (Nair e t a!. , 
1988; Upadhayay~ 1988) . 
A minimum of 0.2 ppm phosphate is considered to be t he 
concentration required for high aquatic productivity ( Er en 
et a!., 1977) . Based on this, the phosphate concentration 
0 .040 to 0.179 pp m observed in the present study may be 
considered as deficient for high aquatic productivity . 
However, between the ponds at Poyya and Chellanam, the latt'e r 
showed comparatively high phosphate values especially towards 
the end of cul ture period, which may be due to the ent ry of 
water with high phosphate concentration released fr om the 
nearby agricultural fields (Nai r et ~" 1988). 
While investigating the ecological paramet e r s of 
brackishwater ponds near to Cochin estuarine system, Gopinathan 
et a!., (1982) recorded nitrite concentrati on of 0.003 t o 0 . 015 
ppm. In the same area, Devapiriyan (1990) recorded s lightly 
higher nitrite concentration of 0.010 to 0.033 pp m. The 
average nitrite concentration of 0.001 to 0.007 ppm in ponds at 
Poyya and 0.002 to 0 . 003 ppm in ponds at Chellanam obt a ined i n 
the present study was low compared to the concentr ations 
obtained by the above authors . 
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An upper limit of 0 . 180 ppm nitrite nitroge n was 
recommended as the safe level for the growth of P. indicus 
( J ayasankar and muthu, 1983). On the other hand, Law (1988 ) 
reported a high nitrite concentration of 1.28 ppm as t he safe 
level for the growth of P. monodon. The concentrat ion of 
nitrite obtained in the present study is thus well bel ow the 
critical concentration with mi nimum effect on the growth of 
prawns. 
Ammonia is widely recognised as a common pollut ant in 
aquatic environment and is the principal end product of prot ein 
catabolism in crustaceans. Ammonia accounts for 40 to 90% of 
nitrogenous excretion (Ha rtenstein, 1970 ; Kinne, 1976; 
Claybrook, 1983 ) . Nair et i!l., (1988 ), Devapiriyan (1990) and 
Mathews (1992) reported a value of 0 . 007 to 0 . 035, 0. 034 t o 
0.230, and 0.027 to 1 .275 respectivel y as the concentr a t ion of 
the ammonia in s ome brackishwater ponds near Cochin e stua r ine 
system . In the present case, an average ammonia concentrat ion 
of 0.061 - 0.179 and 0 . 037 - 0.086 ppm wa s observed in ponds at 
\ 
Poyya and Chellanam respectively . 
Significantly high values of ammonia concentration 
observed in pond 3 (0 . 084 - 0.245 ppm ) in the present study at 
Poyya may be either because of low phy t oplankton concentrat ion 
with lesser utilisation of ammonia as a source of nitrogen 
. (Tsai, 1989) or because of feeding the prawns with slaught er 
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house waste which may release ammonia during degr adati on 
process . Concurrently, the lower average concentration of 
0.037 and 0 .044 ppm in ponds 4 and 6 at Chellanam and 0.061 ppm 
in pond 1 at Poyya may be owing to the high phytoplankt on 
concentration . Likewise, the comparatively high concentrati on 
of ammonia in pond 5 at Chellanam may be because of hi gh 
stocking density of 2,50,000 prawns per hectare. 
A safer concentration of total ammonia of 3.51, 3 .7, 3. 2 
and 4.03 ppm was reported for the growth of juven i les of 
f..:.. chi ne ns is, f..:.. monodon, f..:.. penicill a tus and f..:.. j aponicus by 
Chen et al., (1990), Chen and Lei (1990), Chen and Lin, (1991 ) 
and Kuo and Chen (1991) respectively. In the present 
investigation, the concentration of total ammonia observed in 
ponds at Poyya and Chellanam is within the range of 0 and 
0.245 ppm, which is thus within the safer limit required f or 
the growth of prawns. 
The carrying capacity of any culture pond depends mainl y 
on the primary productivity . Aquacop (1984) has emphasi zed 
that natural productivity should be considered as an important 
factor for the growth and survival of prawns. In shr i mp pond s 
off Cochin estuarine system, a gross primary productivit y 
ranging between 35 to 369, 200 to 659 and 25 to 637 mgC /M 3/hr 
were reported by Gopinathan et a1., (1982), Devapiriyan (1990) 
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and Mathews (1992) respectively. In the present study, the 
average values of 209.67 to 430.61 and 232.77 to 667.5 2 
mgC/M3/hr recorded in ponds at Poyya and Chellanam respectively 
conform to the productivity values reported by the above 
mentioned authors . 
The data on primary productivity showed higher vlaues in 
ponds at Chellanam compared to those at Poyya which indicat es 
that the ponds at Chellanam . are more productive and suitable 
fo r shrimp farming which may be on account of higher pH and 
alkalinity and lower hardness. 
The role of nutrients in the productivity of a pond is a 
matter of interest. Ac~ording to Thoma s (1966), Collier (1970) 
and Vince and Valiela (1973), nitrogen is a limiting factor, 
whil e according to Cole (1 975 ), Chattopadhyay (1980) and Mandai 
(1980), phosphate restricts the productivity of brackishwat e r 
ponds. Boyd (1986) states that both nitrogen and phosphorus 
have a significant relationship with phytoplankton production, 
while accordhng to Lanari et al., (1 987), there exists no 
relationship between nutrient concentration and plankton 
biomass. In the 
phytoplankton content 
430.61 mgC/M3/hr were 
present 
of 2.11 
study, 
3 
ml/M/h.and 
significantly hi gh 
high productivity of 
observed in pond 1 at Poyya along with 
high average concentration of 0.022 ppm nitrate and 0.061 ppm 
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phosphate . Likewise in pond 3, at Poyya, low phytopLankton 
(0.84 ml/M3 ) was noticed with low concentration of nitrat e 
(0 .008 ppm) and phosphate (0.048 ppm) thereby showing that 
there exists a significant relationship between nutrients such 
as nitrate and phosphate and phytoplankton production as has 
also been observed by Gopalakrishnan et a1. , (1988) and Nail-
et a1., (1988). 
Nevertheless, in pond 5 at Chellanam, a low phytopLankton 
concent ration of 1.08 ml/m3 was noticable in spite of a higher 
concentration of 0 . 012 ppm nitrate and 0.092 ppm phosphate. 
This may be due to the high stocki ng density in this pond, 
where the prawns would have indirectly utilized phytoplankton 
especially diatoms which increase the apetite of prawns (Wyb an 
et a1., 1989). 
Eventhough prawns are not stated to be phytophagous in 
habit, phytoplankton is of i mportance to them in as much as 
they are the primary producers in an aquatic ecosystem. 
Aquacop (1984) ' and Shigueno (1 985 ) have also opined that prawns 
grow well in ponds with pytoplankton dominance. In the present 
context also, significant relationship was observed between 
growth of prawns and phytoplankton concentration especially in 
pond 2 at Poyya and ponds 5 and 6 at Chellanam. Likewise, 
primary pr~ductivity also evinced posit ive correlation with 
growth of prawns in ponds 2 and 3 at Poyya and 5 and 6 a t 
Chellanam (Table 11). 
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Although the interaction between plant and ani ma l 
population is difficult to elucidate, the grazing r a te of 
herbivorus zooplankton is certainly one of the factors whi ch 
regulates the standing stock of phytoplankton and the refore 
influences the production rate. In almost all the aqu a t i c 
ecosystems, zooplankton plays an important role in the transfe r 
of energy at the secondary trophic leve l . 
The zooplankton concentration in the present 
investigation, was found to be comparatively low in pond 3 at 
Poyya · and pond 5 at Chellanam. 
average zooplankton content of 
While the significantly 
0.30 ml/m 3 in pond 3 
low 
may 
probably be due to the low primary productivity and phyto-
plankton content, the relatively low zooplankton concentration 
in pond 5 may be on account of higher consumption rate of 
zooplankton by the prawns which were stocked at a higher 
density. Likewise, the general reduction of zoopla nkton 
observed towards the end of experiment in many ponds ma y be 
because of increased consumption of zooplankton by the prawns . 
In most of the ponds in the present study a relationship between 
phytoplankton and zooplankton was a lso observed ther eby 
indicating a direct relationship between primary and secondar y 
production (Rubright et ~., 1981). 
Soil plays a major role in deter mining the product i on of 
animals present in that system. Pond sediment significant ly 
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influences the balance of aquacultura l systems, actsas a buffer 
against variation in pH and provides water with nutrient s . 
Inadequate pond bottom condition is one of the most critical 
problems currently facing shrimp growers. Even when pond s are 
well managed, heavy organic matter inputs such as feed , 
fertilizers and plankton associated with the large biomasses 
maintained in semi intensive and intensive shrimp ponds can 
result in accumulations of anaerobic r educed materials on the ' 
pond bottom. 
'pH is the most important soil quality parameter 
influencing the release of nutrients to water bod y and 
decomposition rate of organic matter. Gopinathan et ~., 
( 1982) reported a wide range soil pH of 3.5 to 7.0 with 101" 
values recorded at southern and northern parts and higher 
,va lues in the middle region of the Cochin es tua ri ne system. 
The low pH areas at northern and southe rn end are characteris ed 
by weed deposites. The comparatively high soil pH of 6 .50 to 
7.90 in ponds at Chellanam in the present study agrees with the 
above view since Chellanam lies in the middle of the estua r y 
and therefore may be considered more suit able for pr awn 
farming. Since Poyya is situated at the northern end, the low 
pH values (5.61 to 7.43 ) recorded in the present experi ment is 
in agreement with the observation made by Gopinathan et ~., 
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(1982). Further acidic conditions of soil are unfavourable for 
successful prawn farming, since the same i mped e organic mat t er 
decomposition and recycling of nutrient which in turn decrease s 
the availability of phosphorus and has direct inhibitory 
effects on benthos and shrimps (Boyd, 1992). 
In ponds at Poyya, while the soil pH was comparatively 
low during the initial weeks , . theY/! wa s an increase i n pH 
towa rds the end of the cul ture period. On the other hand, in 
ponds at Chellanam, the higher soil pH du ring the initia l weeks 
showed a reduction during later half of the experiment . These 
observations are in accordance with tha t of Mandal ( 1980), who 
reported that the pH of slightly acidic soils increase s and 
that of alkaline soils decreases during a culture period. 
According to Gopi nathan et a1., (1 982 ), Ramesan (1 990 ) 
and Mathews (1992), the organic carbon content in some of the 
ponds nearer to the Cochin estuarine system ranged between 0.5 
and 4.5, 0.39 and 2.92 and 2.41 and 3 . 79% respectively. On the 
o ther hand, Eswaraprasad (1982) and Nasser (1986 ) r eco rded 
comparatively higher values of 1.12 to 6 .48 and 2.47 t o 8.85% 
respectively in some of the ponds of the same area . The average 
organic carbon content observed in the ponds under study at 
Poyya and Chellanam r anged between 3.02 to 3 . 33% and 0 .79 to 
1.13% respectively. thereby showing that the values we r e highe r 
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at Poyya.Gopinathan et a1., (1982) have reported tha t the a r ea 
in and around Poyya had dense mangroove vegetation in t he 
ancient times. Therefore it may be concluded that the hi ghe r 
organic carbon content in these pond s may be on account of t he 
weed deposits probably caused by the submersion of man grooves, 
as has also been reported by Gopalan et al., (1983) . A 
comparison of the grain size composition of ponds at Poyya and 
Che11anam with the respective organic carbon content indic a t es 
that, ponds at Poyya had higher organic carbon content coupled 
with higher silt ( 28.94 to 29.74'7. ) and clay content (28 .91 t o 
38.19'7.). Here it may be added that, in the present study, the 
grain size anal ys is was conducted in ponds 1 and 2 after 
segregating the gravel which formed 67.35'7. to 74.027. . This 
probably points t o more of a gravelly substratum not condus i ve 
for the growth of benthos and prawns. 
Since prawns feed in the benthic region, benthos is a 
majo r component in the food of pr awns. The abundance and 
distribution of benthos in bracki shwater environme nt i s 
, 
governed by factors such as temper ature, salinity, dissolved 
oxygen, organic matter content and t ex ture of soil. According 
to Datta and Sarangi (1 986 ), Polycha ete dominate in a re as of 
rela tive l y high salinity and low organic ma tt e r whe reas 
am phipods and tan aids are found more f requently in low saline 
zones having higher organic matter content. A positive 
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correlation of organic carbon with faunal abundance was 
observed by Bader (1954), Sanders (1956), Damodaran (1973 ) and 
Harkantra et al., (1980). However , higher organic ca rbon 
content of above 3 to 6% may actually decrease the benthos , 
probably caused by the decomposition of organic matter leading 
to the decline in available oxygen. (Bader, 1954; Sanders, 
1956; Srinivas.an, 1982) . Acco rding t o Desai and Krishn ankutty 
(1969), medium sand and small amount of silt and cl ay a r e 
suited for the abundance of benthos . Panikkar and Aiyer (1937 ) 
observed absence of bottom animals in substra~tum of thi c k cla y 
and their great abundance in loose substratum . According to 
Rao and Murthy (1 988 ) , clayey silt and fine sand with 
detritus are suit able for benthos coloni za tion . 
The average benthos concentrat ion in pond 
Poyya was found to be comparatively very low . 
1 and 2 at 
A detailed 
investigation of the grain size analysis of ponds 1 and 2 
showed higher cont ent of gravel . The reason for this may be 
attributed to the addition of soil con taining large g r avel s 
from other areas known to have basic pH into the ponds at 
Poyya to correct the lower pH. The sediment with more g r avel 
content is not a favoured substratum for the growth of benthos 
(R ao and Murthy, 1988; Aravindaksha n ~ .!!l., 1992 ) . Thi s 
coupled with reduced soil pH might have lead to the reduc t ion 
in the benthos concentration in thes e ponds. The st a te me nt of 
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Boyd (1992) that lower pH in soil can reduce the benthos 
concentration holds good in this context . 
The average benthos content observed in the presen t study 
• 2 
was 0.49 - 2.36 mg in ponds at Poyya and 7.71 to 12.00 mg/m 
at Chellanam. On the other hand,Gopalakrt shnan et al., (1 988 ) 
observed very high benthos content of 31. 2 - 83.2 mg/m 2 i 11 
brackishwater ponds of the same area , which may be on account 
of the presence of bivalves <\nd gastropods having more shell 
weight compared to the absence of such organisms in the present 
study .' 
In pond 5 at Chellanam, the benthos content of 18.63 
mg/m 2 was drastically reduced to 8.48 mg /m 2 during the last 
week. Such drastic reduction from zero week was not observed 
in any other pond. This may be because of more prawns stocked 
per unit area in pond 5 which might have consumed the benthos , 
an observation which is also made by virnstein (1977), Rubright 
et at., (1981), Commito (1982), Gopalakrishnan et al., (1988 ) 
Rajyalakshmi et;: at. , (1 988) and Ordner et !l., (1990 ) . In 
other ponds at Chellanam also, the . benthos concentration 
decreased during the last weeks of culture. Accord ing t o 
Rubright et al., (1981), popula tions of benthic polychae tes, 
copepods and nematodes in a shrimp pond diminished to very low 
densities after 50th day of culture, probably because of 
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grazing by shrimp. Similar observa tion was also made by 
Rajyalakshmi et al. , (1988) , who whi I.e conducting eco l ogic a l 
studies of prawn fa r ms nearer to Chi lka lake found an ave r age 
benthos content of 775 numbers/m 2 i n ponds not stocked with 
prawns, compared to t he nil to 25 numbe rs/m 2 i n stocked ponds. 
In the pres ent inves tigation, lowe r survival rates of the 
stocked pr awns r angi ng fro m 10 . 09 t o 37 . 137. was noti ced in 
po nds a t Poyya , whe n com pared to the higher survival r a t es 
ranging f ro m 61.30 to 79.79% in ponds a t Chell ana m. The lowest 
survival rate of 10. 09% i n pond 1 at Poyya may be on accoun t of 
prolonged culture pe riod of 128 days compared to the le s se r 
period of 95 and 77 days in 2nd and 3rd ponds respec t ively . 
The average growth r at e ' of prawns was also l ow in ponds at 
Poyya (0.0037 to 0 .074 gm/day) when com pared to the ponds at 
Chellanam (0.016 t o 0. 146 gmt day ) . Si multaneous with lower 
survival rate and g rowth rate, low avera ge weight of the 
cultured ani mals at harvest was als o fou nd in ponds at Poyya . 
The reason for the l ow survival rat e coupled with low ave r age 
\ 
weight may be attri buted to the various ecological 
pa rameters such as l ow water pH , soi l pH I alkalinity, and 
benthos content and high salinit y , hardness , am monia and 
nitrite concentration s in ponds at Poyya . 
While ponds nea r e r to the bar mout h are infl uenced t o a 
great ex tent by the t idal exchange r esul ting i n i nc reased 
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s alinity and dissolved oxygen, ponds away from barmouth a re not 
highly i nfluenced by the tidal action . In the present 
investigation, the ponds at Poyya are lying adjacent to the 
barmouth and is towards the north, whi l e those at Chel la nam a r e 
away from the barmouth situated in the middle of the Coch i n 
estuarine system. Based on the various environmental 
parameters studied, it is discernible that the ponds a t Poyya 
though with higher salinity and dissolved oxygen, ha ve l owe r 
range of water pH, soil pH, alkalinity and benthos content and 
higher total hardness and gravel cont ent . It is probabl e t hat 
the presence of weed deposites underneath the pond bottom has 
le~ to reduced water pH, soil pH , alkalinity and bent hos 
content. Introduction of soil having high gravel content t o 
the bottom of ponds at Poyya also might have caused for t he low 
benthos production. On the other hand, ponds at Chel l anam 
indicated more favourable environmental conditions such as 
moderate salinity, water pH, soi l pH, alkalinity, ha rdness, 
nitrite and ammonia. 
\ 
The prodctivity of shrimp far ms has a significa nt r ole in 
augmenting the production of a quality shrimp and is a subject 
to be studied with top priority. The facts that ma r ine 
landings of pena e id prawns is at a stagnating level and that 
there is great demand for quality shrimp necessit a t e the 
investigations on the productivity of available farms . Howeve r , 
129 
the productivity of vast areas of shrimp farms is not s tudi ed 
in relation to their ecological conditions . It is therefore 
felt that studies in this line if taken up can fill the gap in 
the knowledge of the positive and negative aspects of 
ecology and productivity of farms, so that necessary 
improvements in terms of fertilization, liming, aeration and 
other managerial measures can be resorted to in less e r 
productive semi intensive shrimp farms. This in the l ong r un 
will enable the shrimp Lamers in boosting up shri mp 
production. 
C HAP T E R II 
., 
'I (./~ 
INFLUENCE OF ORGANIC MANURES ON THE ECOLOGY AND PRODUCTIVITY 
OF BRACKISHWATER PRAWN FARMS 
" 
I . . INTRODUCTION 
Successful pond culture operations depend primarily on 
the maintenance of a healthy aquatic environment and the 
p r oduction of sufficient fish food organisms . Of the primary 
factors limiting the productivit y of a water body, the most 
important is the quantity of a:-railable nutrients, which f o rm 
basic materials for the growth and survival of living 
organisms . Ferti I ization techniques promote supply of these 
nutrients in optima l quantities thereby overcoming natural 
deficiencies . Nutrient enrchment also enables making up or 
providing the essentially needed nutrients for the produc t ion 
of aquatic biota, which serve either di rectly or indirectly as 
the food of prawns . The natural productivity of a pond can 
thus be greatly enhanced by using fertilize rs, so that the 
maximum possible yield can be obtained from a wate r body . 
Fertilization in shrimp farms involves the use of both 
inorganic and o r ga ni c fertil izers. The important ino rgani c 
fertilizers used a r e urea, ammonium nitrate, ammonium sulphate, 
single superphosphate and triple superphospha te, while the 
organic manures in common use are cowdung; . poultry dropping and 
piggery was te. 
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Inorganic fertilize r s, eventhough are refined with known 
concent ration of nutrients are disadvant ageous over o rgan ic 
fer tilizers in seve ral ways . Acc ording to Hepher (1962) 
increasing the rate of chemical fertilization beyond ce rt ain 
levels does not result in increased prim ary production. Self 
shielding by dense crops of phytoplankton limits sunli ght 
penetration into the water and with development of sufficientl y 
dense surface l aye r of plankton, prima ry productivity may 
actually decrease with i ncreased chemical fertilization. 
Organic manuring, on the other hand, though of varying 
nutrients concentration, are of manifold advantages. First and 
foremost attraction of organic manure is that it directly lead s 
to heterotrophic production like zooplankton, benthos and 
as sociated biota which is not directly light dependent. 
In any successful shrimp farmin g system, cost of fe ed 
am ounts to half of the total cost (Sch roede r, 1978; wohlfar th 
and Hulata, 1987). , Manure in additi on to enhancllj produc tivi ty 
can also act as fe ed in culture s ystem (Tang, 1970; Woh lf a r th 
and Schroeder 1979; Banerjea, 1980; Cliffo rd, 1992) . Acco rdi ng 
to Schroeder (1978) and Wohlfarth and Hulata (1987), the low 
cos t of manu re can drastically reduce the feed cost. 
Organic manu r es also lead to detritus fo rm ation which acts 
a s a substrate for microbial development (S ha rm a, 198"1; 
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Cliffo rd, 1992) . Detritus loaded wit h microo r ganisms is 
nutritionally considered to be a good feed (Kuma r i et ~., 
1978; Qasim and Easte rson, 1974 ) especially f or det ri tu s 
feeding organisms like p r awn s (Hall, 1962 ; Thomas, 1 972; 
~larte, 1 980) . Further, t he o r ganic fe r tilize r s can also 
e nhance t he growth of benthic alga e a nd its associated biota 
(P ri mave r a a nd Apud, 1 976) . 
Cu lture of p r awns with fertili za ti on has been widely 
employed in extensive a nd semi intensive shrimp producti on 
( Hanson a nd Goodlvin, 1977 ; Perrot, 1979; Wyban ~ a1., 1987) . 
Or ga nic ma nur ing in pond aquaculture is a p r ac ti se that 
enha nces sh ri mp pe rf o r mance and natu r al pond produc tivit y . 
(Sch r oeder , 1978; Fa r ness a nd Aldrich, 1979; S ti ckney, 19 79; 
Rub r igh t et ~ . , 1981; Geige r , 1983; Pe r schbache r and St r awn, 
1984; Ga r son et ~., 1986) . 
Acco rdin g t o Sch r oed e r et ~ . , (1990), the use of organic 
manu r e in ponds is based o n the assump tion that the organi c 
mat ter of the manu r e p r ovides a source of r educed carbon for 
heterotrophic g r azi ng while the mine r al f r action of the manure 
is used by both autotrophs and microbial heterotrophs (Werne r 
and Hall, 1976; Buck et ~ . , 1978; BOlven; 1981; Wohl fa rth .~ 
~, 1985; Edwards, 1987 ; Gr ee n et ~ . , 1989). Well decomposed 
organic mat ter t hough transfor ms at a slower rate in 
br ackishwater than in freshwa ter, mitiga tes t he h armful effect s 
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of salinity, reduces the leaching loss of nutrients from the 
wate r body during water exchange and develops a debris 
(g razing) bed at the bottom. 
Growth and su r vival whi ch toge t he r determine the ultimat e 
yie ld are 
ma nagerial 
pa r amete r s 
su r vival 
influenced by a numbe r of ecological parameters and 
measure s . Tn ponds, favou rable ecologic a l 
are t o be maintained fo r the high g r owth and 
of prawns . Even .sl ight variation in ecologic al 
pa ra mete rs can cause s tress to the prawns and ultimatel y 
decrease the g rowth and su rvival of p r awns. 
Organic manure application can change ma ny ecological 
paramete rs, whi le some. ecological parame t e r s are also found 
influencing the behaviour and decomposition of o r ganic manu re . 
Amoung various par am eters aff ecting the minera l isation rate of 
o rganic manu re, wate r tempe rature is the most important one . 
Water temperature is dependent on the local climatic 
conditions . According to Boyd (1992), wa ter temperature of 25· 
to 35 ·C is ideal for organic matter decomposition as 
microo r ganisms usually g r ow best at this temperature r ange. 
Variations in salinity also af fects t he minera lisation 
rate of o rganic matt er in brackishwater ponds . 
Ghosh (197 5) a nd Chattopadhyay (1980) 
Mandal ( 196 2), 
evaluated the 
mi ne rali sat i on r ate of o r ga nic manure s at d iffe r e nt salinities . 
Salinity also influences the avai labil ity of nutri e nt s in the 
soil . 
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Fertilization has been found t o increase oxygen l eve l s in 
ponds by stimulating algal growth and hence photosyn t hesis 
(Shigueno, 1972). However when microorganisms r apidl y 
decompose organic matter, dissolved oxygen may be consu med 
faster than it can be delivered to the soil-water inter face by 
natural and mechanically induced water movement, and it can 
lead to severe oxygen depletion especially at night which can 
cause mass mortality (Wheeler, 1967 & 1968; Rickards , 1974; 
Hanson and Goodwin, 1977). The influence of manuring on t he 
diss~lved oxygen level in culture systems has been s tudi ed 
extensively . Wyban et al., (1987) and Lanari et al., (1989 ) 
reported significant variation in dissolved oxygen between 
manured and nonmanured . ponds, whi le Chakraborti (1984 ) and 
Chakraborti et ~., (1986) recorded no such difference. 
According to Boyd (1992), the brackishwater used fo r 
water exchange usu ally has a pH of 7 . 5 to 8.0 and thi s wa t er 
buffers the soil so that acidic cond~tions usually do not 
develop in the surface layer of soil. According to the above 
author, the best pH f o r decompositi on of soil organic matt er 
lies between 7 . 5 and 8 . 5. 
Chakraborti et ~., (1986) have observed that there i s no 
significant differe nce in the alkalinity between fertili sed and 
unfertilised ponds. Studies regarding the alkalinity of wat e r 
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in ponds applied with o rgan ic manures were also conduc ted by 
Chakraborti and Da s (1988) and Raj yalakshmi et .!!.l., ( 1988 ) . 
The productivity of any aquaculture pond depend s on th e 
nutrient status of the water and soil which can be incre ased by 
the application o f o rganic manur e . Or ganic manure s s lowl y 
release the nutrients into the soil and wate r and reguLat e t he 
p r oductivity. Among the nutrients co ntrolling th e 
productivity, th e most impo rt ant o nes are nitr a te a nd 
phosphate. The nitrogen and phosphorus cont ent of d iffere nt 
o rgani c manures h a ve been evaluated by Taiganides (197 8) . A 
more comprehensive evaluation of the manu r es under Indian 
conditions by Gaur ~ .!!.l., (1990) showed 0.35, 1.47 a nd 0 .6% 
nitrogen and 0 .1 25, 1 .15 and 0.5% phosphorus in fresh cowd un g , 
poult r y dropping and piggery waste respectively . 
Chattopadhyay and Mandai (198 2 ) , Chakraborti (1984 ) a nd 
Fortes et .!!.l.,(1986) observed mo re nitr ate nitrogen a nd 
phosphate phosphorus in ponds applied with organi c ' manures 
compared to the control ponds. Howev e r, r apid disappea ranc e o f 
added phosphate through fertilizati on in brackishwat e r pond s 
was reported by Wahby (1974), Sivakami (1988) and La na ri e t 
al., (1989). 
Nit r ite is a n intermedia t ory product in the met abo lis m of 
ammonia and is hi ghl y toxic to aqu a tic organisms . Ammoni a i s 
another toxic c o mpound in water and is the p rincipa L 
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ni t r ogenous product excreted by crus t acea ns (Claybrook, 1983; 
Chin and Chen 1987) . Ammonia gets accumulated in culture 
systems following mic r obial decomposition of organic manure . 
More organic manure can deteriorate the pond bottom, the ma j o r 
limiting factor being ammonia (Shilo and Rimon, 1982) . Ammoni a 
is found to have lethal growth inhibiting effect on pe naeid 
prawns (Mevel and Camrauz, 1981; Chen, 1986). Tt is al so 
obse rved that low dissolved oxygen increases the toxicity of 
ammonia (Allan et ~., 1990; Llyod, 1961) . 
While investigating the influence of manuring on 
recorded mo re brackishwater ecosystem, Fortes ~ al., (1986) 
nitrite and ammonia concentration in ponds applied with o r ga ni c 
manures. According to Subosa and Bautista (1991), ammoni a and 
nitrite concentration showed higher values 3 days a ft e r 
application of manures and soon decreased to pre-tr ea tme nt 
levels. Such increase in nitrite and ammonia concentration 
immediately after application of manure was also report ed by 
Lumare et ~., (1989). Tn another manuring experiment, Lumar e 
et al., (1987) observed more nitrite and ammonia concentration 
during the later half of the experiment. 
The carrying capacity of a pond and 
aquatic orga nis ms are 
productivity of wate r. 
primarily dependent 
Additions of organic 
growth r a te of 
on the pr i ma r y 
fertili ze rs a r e 
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observed to have significant influence on the productivity of 
water in sh rimp ponds . Chakraborti et ~. , (1986) studying the 
effect of organic manu res, noticed a wider difference in the 
primary productivity between manured and non manured ponds . 
However no such difference was observed by Fortes et ~., 
(1986) among manured and non manured ponds stocked with penaeid 
prawns. Similar studies were also undertaken by Chakraborti 
et ~., (1985; 1986) Fortes et ~ . , (1986), and Pillai et al. , 
(1987) . 
. Fertilizers increase the natural productivity of a pond 
by increasing the phytoplankton production which in tu·r n 
promotes the zooplankton and then the macrobenthic organi sms 
that enter in the natural feeding of prawns (Lumare et al . , 
1985). According to Hickling (19'11), organic fertili zers ar e 
especially efficient in enhancing pr oduction of zooplankton and 
benthic organisms . However, Rappaport et a1., (1977) observed 
higher content of phytoplankton in organic manured ponds. Chen 
(1992) described the importance of phytoplankton in brackish -
water ponds . Tn addition to its role as a primary producer, it 
enriches the ecosystem with oxygen and lowers the toxicity of 
many compounds. 
The importance of phytoplankton and zooplankton i n 
brackishwater ponds applied with manures has been dis cuss ed by 
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Chattopadhyay and ~landa l (1982), Fortes et a1., (1986), Lanari 
et al ." (1987) and Wyba n et al., (198 7). According to th em 
o r ganic manuring leads t o the production of phytoplankt on 
followed by zooplankton and benthos. They also obse rved highe r 
phytoplankton and zoop lankton content in manured pond s . 
Chattopadhyay and Mandal (1982) and Cha kraborti (1984) noti ced 
blue green algae as the chief component of Phytoplankton while 
Lana r i et ~ . , (1987) obse rved the domin ance of dinoflage ll ates 
and dia t oms in t he phytopla nkt on . On the othe r hand \.Jyban 
et ~., (1987) r eco rded diatoms as the chief component . 
Acco rding to Chat topadhyay and Ma ndal (1982), the main 
component of the zoopla nkton content is copepods foil o\~ed by 
crustacean larvae. On the othe r hand, Chakraborti (1984) opined 
t hat copepods followed by rotife r s constitut ed the bulk of the 
zoop lankton. The dominance of copepods in zooplankton 
community of br ackishwa ter ponds appl ied with o r ganic manu r e 
was also reported by Lana ri et ~., (1987). 
Mic robial activity in a water body can be indirectly 
dete r mined by measuring the heterotrophic activity of wat e r . 
During the evaluation of heterotrophic activity of water in a 
f r eshwater pond applied wit h organiC manu r es, Schroeder et ~: , 
(1990) obse rved slightly highe r values. Acco rd i ng to Mi lst ein 
et ~., (1991), the hete r otrophic activity was higher during 
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mid culture period and low during beginning and end of the 
experiment . 
Study of soil in mau red ponds is of added significance 
since organic manures applied, settle to the bottom and change 
the soil quality parameters. The mine ralisation rate of 
organic manure is primarily dependent on various soil quality 
parameters among which pH is one of the most important one. 
Mandal (1980), Chattopadhyay and Mandal (1982) , Chakraborti 
(1984), Subosa and Bautista (1991) have discussed the 
importance of pH on the decompositi on o~ organic manures and 
activity of prawns in brackishwater ponds. 
Organic manure application increases the organic carbon 
content of the soil and therefore, the analysis of organic 
ca rbon content in manured ponds is of much significance. 
According to Chakraborti et .!!.., (1985) , brackishwater pond 
soil requires manuring because of poor o rganic carbon content. 
The organic carbon content in the soil of culture pond varies 
with season (Chakraborti et .!!.., 1985), depth of water, (Boyd, 
1977) and depth of soil from the soilwa ter interface (Ayub, 
1992) . 
As organic carbon, the nitrogen content of soil is also 
important. Organic ma tter contains ma ny nutrients required for 
the primar productivity. During decomposition, manure slowly 
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releases nutrients. The addition of organic ma nure c an alter 
the nitrogen content in the soil. Excess nit rogen can be stoye~ 
i n sediment which upon demand will be r eleased in to the water. 
Ghakraborti et a1., (1985) , Baticados et .!!. ., (1986), Nasser 
(1986), Ra j yalaksh mi et a1., (1988) and Boyd , (1992) evaluated 
the nitrogen content of soil in brackishwater ponds fertilized 
with organic manu r es . 
According to Boyd (1992), the carbon to nit r ogen (GIN) 
ratio is especially i mpor t ant, becaus e mic r oo r ga nisms contain a 
la r ge percentage of nitroge n in their biomass . Evaluating the 
soil conditions of shrimp farms in Thailand, Boyd (1990) 
observed that organ ic ma tt e r with a GIN r atio of 10 to 15 is 
optimal for proper deco mposi t ion. 
As in the case of nitrogen, phosphorus content in soil is 
also important as phospho rus is stored in soil and also because 
of its significant effect in increasing the yield (Hickling 
1971; Mandal, 1980) . Gilbert (1985 ), while surveying 
br ackishwa ter ponds near to Gochin estua r y recorded mo r e total 
phospho r us in soils of brackishwate r ponds a t Ghellanam 
compa r ed t o the ponds at Thykkattusseri and Na rackal. 
Tn shrimp ponds, the water column and pond sediment a r e 
the majo r consumers of oxygen (Madenjian e t a1., 1987 and 
and 1988) . Respiration of cult ivated o r ganisms is usually a 
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minor fraction of total products of aquaculture ponds (Boyd, 
et ~., 1978; Romaire, 1979). The possible reduction in the 
dissolved oxygen content in the water can be thus predicted 
based on the evaluation of respirati on rate and heterotrophic 
activity of mud . Shigueno (1975) conducted studies reg a rding 
the respiration rate of mud in some shrimp ponds of Japan. 
very 
According to Schroeder et ~., 
less increase in heterotrophic 
(1990), there was only 
activity of mud in 
freshwater ponds applied with organic manures . A very high 
r educ tion in heterotrophic activity of mud from 5- 6% at the 
beginning to about 2% at the end was reported by Milstein et 
a 1., (1991) in f reshwa ter ponds applied with organic manures. 
Natu ral producers that contribute to the nutritional 
requirement of shrimp also include benthos in addition to 
plankton. Chakraborti et ~., (1986) and Rajyalakshmi et ~ . , 
(1988) surveyed the benthic population of many manu r ed 
brackishwater ponds in Orissa and West Bengal. Caillouet et 
~., (1972) and Gould et ~., (1973) emphai z ed the importance 
of various benthic organisms in shrimp farms . The domin ence of 
polychaete worms in brackishwater ponds has been reported by 
Maguire et al . , (1984) and Ordner et ~., (1990) . 
The effect of organic manures on prawn survival, growth 
and product ion has been emphasized by Magui re (1980), Wyban 
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et ~., (1987), Jose et 
(1988) and Courtney (1989) . 
~., (1988), Rajyalakshmi et al., 
High growth and yield of prawn in 
been reported by the above authors. fertilised ponds have 
Studies related to the effect of cowdung, piggery waste and 
poultry dropping are very less, except for the study of Garson 
et ~., (1986) who reported no difference in survival, growth 
and yield in P. vannamei and f..:.. stylirostris applied with 
cowdung and chicken dropping. 
In semi-intensive shrimp farms, organic manuring plays a 
role equal to that of feed in providing rich food for the 
growing shrimp. Tn spite of the fact that there are a variety 
of organic manures of low cost available, most of the shrimp 
farmers resort to only poultry dropping, probably because of 
the paucity of information on the potential of other o rgani c 
manu res. 
It has been found that investigation on the effect of 
o rganic manures on the brackishwater pond ecosystem are 
limited, though similar studies a r e extensively made in fresh-
water ponds . A comparative evaluation on the effect of various 
organic manures on the pond ecosystem and on the growth of the 
cultured prawns is therefore an essential prerequisite for 
their proper utiliza tion . The present investigation deals with 
the impact of manures such as poultry dropping, cowdung and 
143 
piggery waste on the wa t er and soil quality para me ter s, 
prima r y, secondary and benthos production and on the growth and 
survival of the p r awns. 
2. MATERIAL AND METHODS 
The study to evaluate the effect of organic manures on 
the brackishwater pond ecosystem was conducted in four small 
ponds lying adjacent to each other at Krishi Vigyan Kendr a of 
CMFRI, Narackal, Cochin (figures 1 and 19) . 
2.1. EXPERIMENTAL METHODOLOGY 
The experiment was started in March 1992 and extended for 
three months. The ponds we re designated as A,B,C and D with 
ponds A and B having an area of 0.04 ha each and ponds C and D 
of 0 . 05 ha and 0 . 03 ha respectivel y . They had an ave ra ge 
depth of 1.iM. 
At the outset of the experiment, the bunds of the pond s 
were strengthened with a view to prevent leaching of wat er from 
one pond to another. The ponds were then drained completely 
and all the weed and predatory fishe s we r e eradicated by 
repeated netting. After testing the pH of soil, liming was 
done at the rate of 200 kg/ha. 
Fig. 19: Brackishwater ponds of Krishi Vigyan 
Kendra, Narackal used for the experi-
ment. 
• 
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Organic manures like poultry dropping, cowdung and 
piggery waste were used in this expe riment. The organic 
matter, organic carbon, nitrogen and phosphorus content of ea ch 
manure were determined by the procedure described by Iswaran 
(1980) and the details are presented in table 21. Ponds A, B 
and D were applied with poultry dropping, cowdung and piggery 
waste respectively, while pond B was kept as control without 
any manuring. 
Boyd (1986) reported that lack of phosphorus and nitrogen 
limits phytoplankton productivity and that the concentration of 
nitrogen and phosphorus in brackishwate r po nd s are considered 
to be low for the optimum growth of phytoplankton . 
The role of phosphorus in increasing the productivity of 
aquatic environment has been wide ly discussed by Coll i er 
(19 70 ) . However, according to Thomas (1966), during nutrien t 
uptake, the algae would r emove all the nitrate before all the 
phosphate was removed, indicati~ that ni tra te is more l i ke ly to 
be the limiting nutrient tha n phosphat e . Ryther and Dunastan 
(19 71) have determined that nitrogen r ather than phosphorus is 
the primary limiting factor controlling algal g rowth in coastal 
wa ters. Vince and Valiela (1973) also noticed rapid growth of 
phytoplankton when nitrogen f ertilize rs we re applied rather 
than phosphorus fertilizers. 
Table 21. Composition of manures used for the experiment 
Manure Moisture Organic Organic Nitrogen Ph osphorus 
('II) matter (Ils) Carbon (%) (t) (t) 
Poultry 
dropping 13.68 43 . 01 22.63 3 . 74 3.46 
Cowdung 15.14 49 . 98 26.31 2.10 1.16 
Piggery ....... ~ 
waste 12.64 19 . 33 10.17 2.80 2.54 '" 
147 
The role of organic carbon in increasing the productivity 
of aquatic systems has been studi ed by Banerjea (1967), 
Schroede r (1978), Chattopadhyay (1980), Chattopadhyay and 
Nandal (1982), Chakraborti (1984), Lanari ~ .!!..!:. ., (1989), Boyd 
(1990) and Schroeder et a1., (1990 ). According to Chakraborti 
et .!!..!:.., (1985), brackishwate r ponds having 1.02% to 1.45% 
organic carbon gave better production of the prawn f. monodon 
Edwa rds (1977) observed that juvenile P. vannamei needs a 
substra te highly ri ch in organic rna t te r for prope r growth . 
Tang and Che n (1967) also opined that increase in organic 
ca rbon content of pond soil increases the yield in aquaculture 
ponds. Lumare et a1., (1987) obtained better production and 
higher average weight at harvest in case of f..:. japonicus 
with 4% organic carbon compared to the low production and 
ave rage weight in ponds with 1% organic ca rbon . However, 
excessive organic carbon of above 3 to 6% has been reported to 
be adversely affecting the g rowth of benthos, probably caused 
by the reduced dissolved oxygen content due to the 
decomposition of organic matter (Bader, 1954; Damodaran 1973; 
Rao and Nurthy 1988). The reduction of oxygen in the pond 
bottom also adversely affects the g r owt h and survival r ate of 
prawns . 
The above observation point to the fact that in 
br ac kishwater ponds, between nit rogen and phospho rus, nitroge n 
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is considered to be the limiting facto r. However, since 
o rganic carbon content of organic manure has a decisive role in 
the benthis productivity, this factor was also taken into 
consideration . The present investigation, therefore aims to 
evaluate the role of nitrogen and organic carbon in the 
productivity of brackishwater ponds and the growth and survival 
rate of prawns . The quantity of various manu res to be used in 
this experiment was therefore adjusted in such a way that, the 
phosphorus content is kept constant in all treatments but with 
va rying nitrogen and organic carbon content . 
For the deter mination of doze, cowdung was t aken as 
standard, which is gene r ally applied at the rate of 2000 kg/ha 
(Chattopadhyay and Mandal, 1982) . The phosphorus content of 
cowdung determined in the present study wa s 1.16%. Thus, 
2000 kg cowdung per hectare provides 23 . 20 kg phosphorus. The 
quantity of other manures was adjusted in such a way that each 
manure provides 23 . 20 kg phosphorus. Thus 670.52 kg poult ry 
dropping and 913 . 38 kg of piggery waste having 3.46 and 2.54% 
phosphorus respective ly provide 23 . 20 kg phosphorus. When 
applied in the above mentioned do ze per hectare, poultry 
dropping having 3 .747. nitrogen and 22 . 63% organic carbon 
prvided 25.07 kg nitrogen and 151 . 73 kg organic carbon . 
Likewise 2000 kg cowdung and 913 . 38 kg pigge ry waste having 
2.10% nitrogen and 26.31% organic carbon and 2.80% nitrogen and 
149 
10 .17% organic carbon provided 42 . 00 kg nitrogen and 526.20 kg 
o r ganic carbon and 25.57 kg nitrogen and 92.89 kg o r ganic 
carbon respectively per hectare. 
All the ponds we re stocked wit h late post la rvae 
(PL 40 - PL 55) of P. indicus havi ng an average length of 
22 mm and weight of 0 .084 gms collected f r om the nature a t a 
density of 50000nos./ha. After application of manure, sluice 
gate was completely closed with mud so that there was no water 
exchange. The stocked prawns were harvested after 68 days of 
cul ture . 
2.2 DETERMINATION OF WATER QUALITY PARAMETERS 
Wate r samples were taken weekly f r om t he water column 
with the help of a underwater s ampler bo ttl e to deter mi ne the 
salinity, dissolved oxygen "> pH, alkalinity, hardne ss and 
nutrients. The samples were collected in triplicate and the 
ave r age values were reckoned in presenting the data. The 
samp l es were co l lected before 08.00 hrs i n the mo rning except 
in the case of dissolved oxygen, wher e the wate r samples were 
taken at 00 . 00, 06 . 00, 12 . 00 and 18.00 hrs . 
The same procedu r es described in Chapter I were used fo r 
measu ring the above mentioned pa r ameters . ~Ja ter samples in 
1S0 
triplicate were taken once in a week for determining 
phytoplankton and zooplankton concentrations. The same 
procedur es described in Chapte r I were used here also for 
determining phytoplankton and zooplankton contents . 
2 . 2 . 1 HETEROTROPHIC ACTIVITY OF WATER 
Heterotrophic activity of water was measured by using the 
technique developed by Egglishaw (1972 ) . 
In the present study, the heterotrophic activity of water 
was determined biweekly . For this, a piece of cotton strip 
having an area of 0.1 M2 was kept spread in water column by 
means of two poles. The i nitia 1 weight of cotton strip was 
taken and washed the adhering materia l and was kept in an oven 
for 1 hour at 10S"C. The weight of the cotton strip was noted 
aga in and the difference in weight before and after incubation 
was found out . From this, the percentage loss in weight was 
determined fo r one day. Hete rotrophi c activity was expressed 
as percentage reduction in weight per day . The experiment was 
conducted in triplicate and the average value was calculated. 
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2.3 DETERMINATION OF SOIL QUALITY PARAMETERS 
Soil samples we r e collected at fo rtnightly in tervals for 
the determination of pH, organic carbon, total nitrogen, CIN 
ratio., . total phosphorus, heterotrophic activity of mud and 
r espira tion rate of mud . Benthos concent r a tion was ana lysed 
once in a week while gra in size analysis was done only once. 
For the determination of pH, organic carbon, benthos 
content and g rai n s ize of sedimen t, the same me thods desc ri bed 
in Chapte r I were used. 
2 . 3 . 1 TOTAL NITROGEN 
To t al nitrogen in the sediment was estimated by Kjeldahl 
me thod modi f ied to include the nitrogen of nitrate ( Tswa r an, 
1980) . 
1 gm of soil sample was taken in a 
30 ml of concentrated, sulphur ic acid 
salicylic acid was added . The sample 
digestion flask and 
containing 2 gm of 
was sha ken until 
thoroughly mixed and was allowed to stand for atleast 30 
minutes. Afterwards,S gm of sodium thiosulphate was added and 
was heated fo r 5 minutes . To this, 10 gm of potassium sulphate 
and 1 gm copper sulphate we r e added . The mixtu re was very 
gen tly heated unt il foaming ceased and the digestion was 
continued . 
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For distillation 150 ml of 30% sodium hydroxide was added 
through the side of the flask . The distillate was collected in 
4% boric acid containing mixed indica t o r ( bromoc r esol g r een and 
bromothymol blud). Distillation wa s con tinued until no trace 
of ammonia was noticed with a blue litmus paper . After 
d i sti llation, the ammonia absorbed was titrated against 0 .1 N 
sulphu ric acid until the colour changed from blue to pale pink 
at the end point . 
Concent r at i on of total nitrogen (%) was de t ermined using 
the formula A-B X N X 0 .1 4 where A and B were the volume of 
s tandard acid used in sample titra tion and blank titration 
respec tively and N, the no r mali ty of the acid . 
2 . 3 . 2 C/N RATTO 
The o r ganic carbon and tota l nit roge n va lues were used 
fo r the det e r mination of C/ N ratio . The or ganic carbon content 
of the so il sample was divided by the total nitrogen cont en t to 
obtai n the C/N ratio. 
2 . 3 . 3 TOTAL PHOSPHORUS 
The total phospho rus was de termined by the method 
described by FA O (19 75) . 
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0.5 gm of powdered soil samp le was taken in a 500 ml 
Kjeldahl flask . 2 ml each of concentrated nitric acid and 
perchloric acid were added and the mixture was heated and 
gently cooled . Addition of above ment i oned acids and heating 
we re continued until the mix ture was dried f ully . 21 ml of 
dilute sulphuric acid (1 . 8 N) was added and was boiled for 10 
minutes . After cooling, the solution was filtered by Whatm an 
No . 42 filter paper and diluted to 250 mi . 
From the above solution,S ml was taken and diluted t o 
30 ml with distilled water. 5 drops of ascorbic acid and 1 ml 
sulphuric acid - am monium molybdate solution was added . After 
5 minutes, the absorbance was measured at 882 nm . Sample 
concentration (ppm ) wa s read f r om the standard graph dr awn with 
the absorbance of the standard phospho rus solut i on. 
2 . 3.4 HETEROTROPHI C ACTIVITY OF MUD 
The met hod used for water is also used here (Egglishaw, 
1972 ) . 
A cotton strip (O.l M2) was sp r eaded horizontally ove r 
the pond bottom . From the difference i n weight af ter 5 days of 
incubation, the percentage reducti on in weight per day was 
determined . 
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2 . 3 .5 RESPIRATION RATE OF MUD 
Respiration rate of mud was determined by the method 
described by Shigueno (1975). 
Mud from the top surface of the pond bottom was collected 
using a plastic petridish . 100 ml of this mud was transferred 
to a wide mouthed 500 ml reagent bottle containing filtered 
Sal;ll ~l:jI' 
water of 15 ppt' made by diluting seawa ter. The Yeagent bottle 
was stoppered in order to prevent evapor at ion. 15 ppt salinity 
wa s selected fo r measuring the respira tion r ate of mud because 
the pond salinity ran ged between 12 and 20 ppt . The dissolved 
oxygen content of this water was meas ured initiall y . The 
bottle was then incubated at dark for 3 hours. After 
incubation, the dissolved oxygen was agai n measu r ed . 
From the difference in dissolved oxygen content, the 
oxygen consumed for the respiration of mud was found out based 
on the chemical formula that 1 ml of 0 .5 N sodium thiosulphat e 
is equivalent to 0.25 mg atom oxygen (S trickland and Parsons, 
1972) . 
2.4 GROWTH AND SURVI VAL RATE AND STATISTICAL ANALYSIS 
Sampling of prawns was done at fortnightly intervals to 
determine the average weight of prawns . From this, the ave r age 
g r owth rate in terms of inc re ase in average weight per day was 
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found out . Survival rate of prawns was determined after 
harvesting the prawns by complete draining . The same 
statistical methods used in Chapter I is used here also for the 
analysis of data . 
3 . RES U L T S 
3. 1 WATER QUALITY PARAMETERS 
3.1 . 1 TEMPERATURE 
Data on water temperature collected from ponds fertilized 
with different organic manures during the culture period is 
given in table 22 and figure 20 . 
It may be observed that invari ably in all the ponds the 
temperature observed during the zero week after the application 
of organic manures ranged between 29.16 and 29 . 50·C which 
increased to 31 .5 to 31 . 66 ·C . During the 1st week of culture, 
the temperature showed a decline ranging between 30.50 and 
31 . 00·C in. different ponds . However subsequently during 8th 
week, the temperature increased r anging between 32 . 00 and 
32.66·C which later started declining during the subsequent 
weeks reaching a lower range of 30 . 50 and 31.16·C during the 
11th week in different ponds. 
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The average temperature recorded in ponds A, B, C and D 
was 30 . 93·, 30 .88·, 30 . 95· and 30 . 90 ·C respectively . 
Anova of temperature at diffe rent ponds showed no 
significant difference ( P>O . Ol). Correlation analysis 
indicated no significant relationship between temperature and 
growth of prawns in all ponds. 
3 . 1. 2 SALINITY 
Particulars regarding the salinity of water in di ffe rent 
ponds are . presented in table 22 and figure 20. It is 
discernible that I~ pond A fertilised with poultry manure, the 
salinity during the zero week was 13 . 49 ppt which gradually 
increased to 20 . 48 ppt during the 6th week and this level was 
main tained till 9th week . Thereafter, the salinity decreased 
to 14.91 ppt during 11th week of culture . 
In control pond B, the salinity showed a wider 
flunctation with the lowest value of 12.34 ppt during the zero 
<l11d. 
week which gradually increased through the 2nd, 4th '6th week 
reaching to the highest value of 19.87 ppt during the 9th week. 
It may also be noticed that the salinit y was of a lower profile 
towards the end of experiment registering a value of 13 . 41 ppt 
during 11th week. 
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The salinity in pond C for the ze ro week was 12 . 48 ppt 
\~hich gradually increas ed to the highest value of 18.92 ppt 
during the 9th week. Thereafter the sal inity showed a 
decreasing trend re aching upto 14 . 00 ppt during 11th week . 
In pond D, the salinLty value gradua lly increased from 
13 . 89 ppt during the ze r o week t o 20 .35 ppt during the 6th 
we ek. Later the salinity gradually decreased to 13 . 77 ppt 
during the 11 th week. 
The average salinity values recorded we re 18.15, 16.64, 
16 . 05 and 17.50 ppt in ponds A, B, C and D r espectively . 
Anova of salinity a t di ffe rent ponds showed no 
signi fica nt difference (P>0 . 05) . Correlat i on analysis revea led 
no significant rel ationship between salinity of wat e r and 
gr owth of prawns in all ponds . 
3 .1.3 DISSOLVED OXYGEN 
The dissolved oxyge n content in ponds applied with 
organ i c ma nures were monitored once in a week a t 00.00, 06. 00, 
12 . 00 and 18.00 hrs. The de tails a r e give n in tables 23 and 24 
and fi9ures 21 and 22 . 
TEMPERATURE °C SAL I NITY (pptl 
Treatment 
Weeks A B C D A B C D 
0 29.33 29.50 29 .16 29.33 13.49 12 . 34 12 . 48 13 . 89 
1 30.00 30.00 30.00 30 . 00 16 . 83 15 . 31 15.84 16 . 33 
2 30 .00 30.16 30 . 33 30 . 16 15 . 34 14 .93 14.83 14 . 86 
3 30.50 30.50 30.50 30 . 50 18 . 13 17.86 17.88 18 . 32 
4 31.66 31.16 31. 00 31.33 19 . 36 16 . 74 15 . 43 19.46 
5 31.50 31 . 33 31.66 31.50 19.76 19 . 21 16 . 98 19.24 
6 31.50 31. 50 31.66 31.50 20.48 17.67 17 . 43 20 . 35 
7 30 .50 30.16 31.00 31.00 19 .33 17 . 94 16 . 84 18 . 68 ~ 
~ 
8 32.33 32 . 00 32.66 32.00 20.64 16 . 83 16 . 54 19.48 <Xl 
9 32.00 31.00 32.00 32 . 00 20 . 84 19 . 87 18 . 92 19.78 
10 31.33 31.16 31.00 31.00 18.63 16 . 38 15.46 15.86 
11 30 .50 31.16 30.50 30 . 50 14.91 13.41 14 . 00 13.77 
Mean 30.92 A 30 . 80*A 30 . 95"'A 30.90 A 18 . 14 A 16 . 54 A 16.05*A 17 . 50 A 
Correlation 0 . 460 NS 0.244 NS 0.490 NS 0.772 NS 0.175 NS -0.104 NS 0.106 NS 0.449 NS r value 
'" Any two means having a common letter are not significantly different . S-Significant. NS- Not Significant 
Table 22 : Temperature and salinity of water recorded in ponds applied with 
(AI poultry dropping (B) cont r ol (Cl cowdung and (D) piggery was te. 
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A. DISSOLVED OXYGEN AT 00 . 00 HOURS 
The dissolved oxygen content in pond A fertilized with 
poultry manure for the zero week was 7.20 ppm which slightly 
increased to 8 . 32 ppm du r ing the first week . Du r i ng the weeks 
3 to 6, the values ranged between 5 . 43 and 7. 64 ppm . The value 
again inc r eased to 8.39 ppm during the 7th week . After this, 
the dissolved oxygen content g r adually got reduced t o a low of 
4 . 90 ppm during the 11th week . 
In pond B, which is the control pond, the dissolved 
oxygen content during the zero week was 6 . 01 ppm which 
gradually increased to 7.64 ppm during the 5th week . The value 
dec r eased to a low of 3.34 ppm during the 8th week, which later 
increased to 5.42 ppm during the 11th week. 
Tn pond C/ where cowdung was used as a manure, the 
dissolved oxygen recorded during the ze ro week was 6 . 98 ppm 
which gradually increased to reach a high of 9 . 32 ppm during 
the 3rd week, the values varying between 3.16 and 5 . 91 ppm 
during the weeks 4 to 10. The value obse rved during the 11th 
week was 2 . 93 ppm, which was the lowest value noticed in this 
period . 
Tn pond D applied with piggery waste, the dissolved 
oxyge n during the zero . week was 5 . 46 ppm which increased to the 
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highest value of 8.32 ppm during the 2nd week . The minimum 
value of 4 . 62 ppm was recorded during the 3rd week. The values 
ranged between 4.89 and 8.24 ppm during 4th to 11th weeks. 
The average dissolved oxygen content measured in ponds 
A, B, C and D were 6.69, 6 . 11, 5.56 and 6 . 44 ppm . 
Anova of dissolved oxygen content at 00 . 00 hrs in 
different · ponds showed no significant difference (P>0 . 05). 
Co rrelation analysis indicated no significant relationship 
between dissolved oxygen content and growt h in all ponds except 
in pond C, which recorded a negative relationship. 
B. DISSOLVED OXYGEN AT 06 . 00 HOURS 
In pond A, the dissolved oxygen concentrat ion at 
06 . 00 hrs was 5 . 66 ppm during zero week (table 23 and figure 
21). The next three weeks recorded values in between 4.01 and 
4.84 ppm. After recording a lower value of 2 . 72 ppm during 
4th week , the succeeding 3 weeks recorded values in between 
3 . 03 and 3 . 69 ppm . Thereafter, the values ranged between 2 . 47 
and 4.23 ppm . 
The dissolved oxygen conl;---ent was 5.20 ppm during the 
zero week in pond B which was the highest value rec orded in 
this pond. It varied between 3.63 and 4 . 73 ppm during 1st to 
7th weeks. The lowest value of 2 . 87 ppm was recorded during 
8th week . 
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In pond C, the dissolved oxygen at 06 . 00 hrs was 5.02 ppm 
du ring the zero week followed by 5 . 62 ppm during the first week 
which was the highest value . The weeks 4, 6 and 7 record ed 
values between 2.32 and 2 . 65 and the weeks 8, 10 and 11 
recorded values between 1 .61 and 1.86 ppm. 
In pond D, the dissolved oxygen during the zero and 
first weeks were 5. 25 and 5.58 ppm respectively. The weeks, 
2, 5, 9 and 11 recorded values in between 3.86 and 4.84 ppm. 
The values recorded during 3, 4, 7 and 10th weeks ranged 
between 2 . 12 and 2 . 87 ppm. 
The average dissolved oxygen recorded in ponds A, B, C 
and D were 3.73, 4 . 16, 3.31 and 3.46 ppm respectively. 
Anova of dissolved oxygen values at different ponds 
showed no significant difference (0.05). Correlation analysis 
revealed no significant relationship between dissolved oxygen 
consen\:. and growth of prawns in all ponds except in pond C, 
where the relationship was negative. 
C. DISSOLVED OXYGEN AT 1200 HOURS 
~ 
Table 24 and f igure 22, depic t s the dissolved oxygen 
concentration in different ponds at 12 . 00 hrs. 
DISSOLVED OXYGEN (ppm) AT 0000 hrs DISSOLVED OXYGEN (ppm) AT 06 00 hrs 
Tr eatment 
Weeks A B C D A B C D 
0 7.20 6. 01 6 .98 5 . 46 5 . 65 5 . 20 5.02 5 . 25 
1 8 . 32 6.30 6.83 7.64 4.84 4.73 5 . 62 5.57 
2 7.64 5.38 7 . 64 8.32 4 . 37 3 . 63 4 .62 4 . 83 
3 6. 64 6.33 9 .32 4.62 4 . 01 4.47 3 . 34 2.87 
..... 
4 5.43 5.96 4 .43 7.10 2 . 72 3.88 2 . 65 2.12 a-. w 
5 6.74 7.64 5 .91 8 . 24 3 . 63 4 .14 4 . 84 4.84 
6 8.39 6. 83 4 . 43 5.73 3 . 69 3.86 2 . 48 1.82 
7 5 . 48 7 . 42 5. 85 4.89 3 . 03 3 . 69 2 . 32 2 . 64 
8 6.31 3 .34 3 .38 5.76 4 . 23 2.86 1.86 1.12 
9 5 .84 6. 76 5 .86 6.52 2 . 87 4 .83 3 . 28 4.24 
10 7. 43 5 .94 3 .16 7.31 3.23 4.23 1.98 2 .25 
11 4.90 5 . 42 2 .93 5 . 68 2.47 4.36 1. 61 3 . 86 
Mean 6. 69 *A 6.llA 5.56 A 6 . 44 A 3.73 A 4 .16*A 3.30 A 3.45 A 
C orrela tion 
-0.613 NS - 0 . 230 NS - 0.990 S -0. 822 NS -0.722 NS -0.299 NS - 0 . 98 S -0 . 830 NS I' value 
.. Any two means having a common letter are not significantly different. S-Significant. NS- Not Significant 
Table 23: Dissolved Oxygen concentration in water recorded at 00 . 00 and 06 . 00 hI's in ponds applied with 
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In pond A fertilized with poultry manure, the dissolved 
oxygen concentration for the zero week was 7 . 27 ppm which 
suddenly increased to 10 ppm in the following two weeks. The 
weeks 4, 5, 6, 9 and 11 showed values ranging between 10 . 33 and 
12.43 ppm . The lower value of 7 . 07 ppm and the highest value 
of 14 . 86 ppm were recorded during 8th and 10th weeks 
respectively . 
In control pond B, values ranging between 10.06 and 10.64 
ppm were recorded during the weeks 3, 5 and 9th weeks. 
Remaining weeks showed values in between 6.06 and 8.69 ppm . 
From the figure ~ can be seen that values were generally lower 
in this pond compared to other ponds. 
The dissolved oxygen concentration for the zero week was 
6.34 ppm in pond C applied with cowdung which increased 
gradually to 11.84, 12.34, 14 . 80 and 14 . 66 ppm during 1, 2, 3 
and 4 weeks respectively. The remaining weeks showed values in 
between 5.46 and 10.48 ppm. The lowest value of 5.46 ppm was 
observed in 11th week ' . 
In pond D, the dissolved oxygen concentration increased 
suddenly from 6.42 ppm in the zero week t o 13.97, 15 . 03 and 
15 . 96 ppm during 1, 2 and 3rd weeks respectively. Thereafter, 
the value decreased to 10 . 69, 11 . 43, 13,64 ppm during 4, 5 and 
6th weeks respectively. Afterwards the value decreased t o 
7.14 ppm in 11th week . 
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The average dissolved oxygen concentration in ponds A, B, 
C and D were 10.37, 8 .25, 9 .53 and 11.03 ppm respectively. 
Anova of dissolved oxygen at different ponds indicated no 
significant difference ( P>O.OS). Correlation analysis showed 
no significant relationship between dissolved oxygen 
concentration at 12.00 hrs and growth in all ponds. 
D. DISSOLVED OXYGEN AT 18.00 HOURS 
The dissolved oxygen concentration at 18 .00 hrs in 
different ponds is given in table 24 and figure 22. 
week . 
first 
In pond A, the concent ration was 9 . 07 ppm for the zero 
The value increased to 13.67 and 12.33 ppm during the 
and second weeks respectively . The dissolved oxygen 
concentration recorded was in between 10.64 and 13.64 ppm 
during 3, 4, 7, 8, 9 and 11th weeks . Values of 14.36 and 
14.98 ppm were recorded during 4th and 6th weeks respectively . 
The highest value of 17 . 63 ppm was recorded during the 10th 
week. 
In pond B which is the control pond,comparatively lower 
values were recorded. The dissolved oxygen noticed during the 
zero week was 7.46 ppm which increased to 9 . 34, 11 . 00 and 11.78 
during 1, 2 and 3rd weeks respectively. Values between 7.64 
and 9 .64 ppm were recorded during 4, 6, 7, 8, 10 and 11th 
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weeks . Higher values of 11.08 and 12.62 ppm were noticed 
during 8 and 5th weeks respectively . 
In pond C applied with cowdung, the dissolved oxygen 
concentration was 8 . 39 ppm during the zero week which increased 
to 13.04, 15.47, 16.06 and 15.43 ppm during the 1, 2, 3 and 4th 
weeks respectively. The concentration r anged between 10 . 04 and 
10.47 ppm during 6, 7 and 9th weeks. It was in between 6 . 48 
and 7 . 67 ppm,during the weeks 5, 10 and 11th weeks . 
In pond D, the concentration of dissolved oxygen was 
found increasing from 6 . 32 ppm in the zero week to 16.82, 
16.94 and 17.48 ppm during 1, 2 and 3rd weeks respectively . 
The concentration recorded was between 13.34 and 15 . 48 ppm 
during 4, 5, 6 and 9th weeks which however declined to values 
ranging between 8 .33 and 10 .68 ppm during 7,8,10 and 11th 
weeks r espectively . 
The average concentration recorded in A, B, C and D ponds 
were 12.71, 9.67, 11.09 and 13 .17 ppm respectively . 
Anova of dissolved oxygen concentration at 18.00 hrs in 
different ponds showed significant difference (P<O . OSl . 
Pairwise comparison indicated significant difference in 
dissolved oxygen between ponds B and D and not among any other 
ponds. Correlation analysis indicated no significant 
--
DISSOLVED OXYGEN (ppm) AT 1200 hrs DISSOLVED OXYGEN (ppm) AT 1800 hrs 
Trea tment A B C D A B C D Weeks 
p 7_27 6 . 63 6.34 6 . 42 9 .07 7.46 8.39 0 . 32 
1 10.46 8 .3 4 11.84 13.97 13.67 9 . 34 13.04 16.82 
2 10.35 6 . 06 12.34 15.03 12.33 11.00 15.47 16.94 
3 8.86 10.64 14.80 15.96 10.64 11 . 78 16.06 17.48 
4 10 . 33 8.06 14.66 10.69 14 . 36 9.32 15.43 13.34 
5 1 _83 10.47 9.84 11.43 12.64 12 . 62 7 . 67 14.01 
6 12 . 43 8.69 7 .32 13 . 64 14.98 7 . 64 10 . 47 15.43 
7 8 .08 7.88 8.33 9.36 10 . 30 9.48 10.36 10.68 
8 7.07 6.33 10 . 48 8 . 00 10.64 8.30 12.46 11.40 
..... 
'" co 
9 11.55 10.06 6.60 12.76 12 . 64 11.08 10.04 15.48 
10 14.86 8 .32 6 .34 8.01 17 . 63 9.64 7.19 11.78 
11 1:1. 39 7 . 47 5 . 46 7.14 13.64 8.32 6.48 8.33 
Mean 10 .37"'A 8 . 25 A 9 . 53 A 11.03 A 12. n",AB 9.67 A 11.09 AB 13 . 17 B 
CorreIa tion 0.177 NS 0 . 326 NS -0 . 676 NS -0.768 NS 0 . 300 NS - 0.349 NS -0.749 NS - 0.699 NS r value 
'" Any two means having a common letter are not significantly different. S- Significant. NS-Not Significant 
Table 24: Dissolved oxygen concentration in water recorded at 12.00 and 18.00 hrs in ponds applied with 
(A) Poultry dropping ( B) Control (C) Cowdung and (D) Piggery Waste . 
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Dissolved Oxygen concentration recorded 
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relationship between dissolved oxygen 
18 .00 hrs and growth rate in any pond. 
concentration at 
A comparison of dissolved oxygen at different times shows 
that the value was highest at 18 . 00 hrs in all ponds followed 
by 12.00 hrs and 00.00 hours. The least values were recorded 
during early morning hours at 06 . 00 hrs. 
3.1 . 4 pH 
pH values observed during the culture period in different 
ponds are shown in table 25 and figure 23. 
In pond A fertilised with poultry manure J the pH value 
during the zero and fourth weeks were 8.46 and 8.24 
respectively which further showed an increase to 8 . 12 and 8.24 
during the period of 5 and 6th weeks of culture. The lowest pH 
of 7.77 and the highest pH of 8.83 were recorded during the 
7th and 9th weeks respectively. The pH was above 8 during the 
period 8 to 11 weeks. 
In control pond B, the pH values were in between 8.43 and 
8 . 76 during zero to 3rd weeks . Aft e r showing a decrease to 
8.13 and 7.98 during 4th and 5th weeks respectively, the value 
again increased to 8 . 36 and 8.92 during 6th and 7th weeks 
respectively. The lowest value of 7 . 63 was recorded during the 
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. 8th week. The weeks 9 to 11 showed pH values lying between 
8 .14 and 8 . 36 . 
In pond C, where cowdung was applied as a manure, the pH 
va lue showed an increase from 8.39 during ze ro week to 8 . 86 
during first week . The values were in between 8.32 and 8 . 86 
( the highest value) during 2nd to 5th weeks . The values again 
decreased to 7 . 83, 7.56 and 7.39 (the leas t value) during the 
6, 7 and 9th weeks respectively except during 8th week where a 
pH value of 8 . 34 was r eco rded. pH values were found to be l ow 
during the later half of the experiment. 
Following a trend similar to that in pond C, the pH in 
pond D applied with piggery waste ranged between 8.28 during 
ze ro week to 8 . 71 during the 3rd week . The value f urthe r 
showed a decline to 7 . 92 during 5th week ma intaining a narrower 
r ange of 8 . 43 to 8.64 during 7th to 11th weeks . 
The average pH value recorded in ponds A, B, C and D were 
8.24, 8.37, 8.25 and 8 . 42 respectively, thereby indicating the 
alkaline nature of the ponds. 
Anova of pH at different pond s showed no significant 
difference (P>O . 05) . Correlation analysis between water pH and 
growth of prawns indicated no signi ficant rel at ionship in all 
ponds . 
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3 . 1.5 TOTAL ALKALINITY 
Weekly variations in the tot al alkalinity in water in 
different ponds are shown in table 25 and figure 23. 
I~ pond A, the total alkalinity was found maintaining a 
narrow range between 143.43 ppm during the zero week to 122.41 
ppm during the 5th week . The total alkalinity was found 
increasing: later by 8 and 9th weeks, the values being 220.67 
and 210 . 89 ppm respectively. Towards the end of the culture 
period, the value was found declining reaching a minimum of 
64 .12 ppm during the 11th week. 
The total a lka linity in pond B, for the zero week was 
162 . 28 ppm. The value then showed a decline ranging between 
118.98 and 153.94 ppm during 1st to 7th weeks. As in pond A, 
the values showed an increasing trend during 8 and 9th weeks, 
declining thereafter towards the end of the culture period. 
The minimum and maximum values of 45.11 and 270.26 ppm were 
recorded during 11 and 9th weeks respectively. 
Pond C fertilised with cowdung also showed a similar 
trend as in ponds A and B. Nevertheless, during the 9th week 
of culture, the total alkalinity was found showing the highest 
value of 290 . 87 ppm, the lowest value of 73 . 86 ppm was obse rved 
during 11th week of cul ture. 
pH TOTAL ALKALINITY ( ppm) 
Treatment A 8 C 0 A 8 C 0 Weeks 
0 6.46 6 . 64 6 . 39 6.26 143 . 43 162.26 . 154 . 13 106.97 
1 6.25 6.43 6.66 6.13 135 . 66 151. 69 156.76 110.66 
2 6.34 6.57 6 . 79 6 . 61 129 .93 153.94 161 . 66 136.56 
3 7 . 92 6.76 6.75 6.71 136 . 67 136 . 13 132.45 146.64 
4 6 . 24 6.13 6 . 66 6.35 141.66 139 . 43 143.56 131.46 
5 6.12 7.96 6 .32 7.92 122.41 123 . 49 113 . 64 125.69 
6 6.24 6.36 7.63 6.56 132 . 36 116 .96 166 . 23 137.54 
7 7.77 6 .92 7.56 6.43 140 . 01 150.67 213.32 206.23 .... 
" 6 6.36 7.63 6.34 6.64 220.67 261.31 235.26 249.66 
...., 
9 6 . 63 6 . 36 7.39 6.56 210 . 69 270.26 290.67 220.01 
10 6.03 6 . 46 7.66 6.36 125 . 76 133.69 219 .62 167.90 
11 6 . 26 6.14 6.07 6.43 64 . 12 45.11 73 .66 54 . 36 
Mean 6 . 24 *A 6.37 A 6.25 A 6.42 A 142.15 "'A 154.12 A 172 .12 A 151 .50 A 
CorreIa tian 
-0 . 405 NS -0.412 NS -0.664 NS -0.223 NS -0.199 Ns -0 . 066 NS 0.105 NS 0.317 NS r value 
• Any two means having a common letter are not significantly different. S - Significant. NS - Not Significant 
Table 25: pH and Total Alkalinity in water recorded in ponds applied with 
(A) poultry dropping (8) control (C) cow dung and (0 ) piggery waste 
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The lowes t value of 106 . 97 ppm during the zero week was 
recorded in pond D. It gradually increased to reach a highest 
value of 249.68 ppm during 8th week. As in other ponds ... the 
least value of 54 . 38 ppm was recor ded during 11th week. 
The ave r age total alkalinity values recorded were 142 . 15, 
154.12, 172.17 and 151.50 ppm in ponds A, B, C and D 
respectively, indicating a compa r atively higher average value 
in pond applied with cowdung. 
Anova of total alkalinity values at different ponds 
showed no significant difference (P>0.05) . Correlation 
analysis also indicated no significant relationship between 
growth and total alkalinity in all ponds. 
3 . 1.6 TOTAL HARDNESS 
Details regarding the total hardness in different ponds 
are given in table 26 and figure 24. 
Tn pond A and B fertilised with poultry dropping and 
control pond, the total hardness during the zero to 7th weeks 
remains almost steady within a range of 1343 . 31 ppm and 
2642.89 ppm . However during the subsequent weeks, the values 
were found shooting up reaching a peak value of 7268.91 and 
6008.78 ppm in pond A and B respectively during the 9th week . 
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Remaining within a comparatively low range of 1343.91 ppm 
and 3205 . 72 ppm, the total hardness in pond C was found 
increasing towards the end of the culture period, the highest 
values being obtained during 9 and 10th weeks . 
Evincing a different picture from that of other ponds, 
the t otal hardnes s values in pond D applied with piggery waste 
was found . increasing from 1268 . 32 ppm during zero week to 
3418 .64 ppm in the 4th week to 4216.33 ppm in 5th week. The 
values which remained almost steady till 10th week, started 
declining reaching a low of 1619.82 ppm in the 11th week. 
Among the different ponds applied with manures, the total 
hardness in ponds A and B remained low during the first half of 
the experiment, increasing thereafter during the 2nd half of 
the culture period. In pond manured with cowdung, however, the 
total hardness though increased towards the end of the culture 
period was of a comparatively low range . While in pond D 
manured with piggery waste, the total hardness was found 
increasing from 2nd week onwards maintaining a higher 
concentration till 11th week of culture. 
The 
2535.56, 
average total hardness 
2062 .55 and 2895 . 08 ppm 
respectively, anova of which showed 
recorded were 2285 . 61, 
in ponds A, B, C and D 
no significant difference 
(P>0 . 05) . Correlation analysis also did not shO\y any 
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significant relationship between total hardness and growth of 
prawns in any pond. 
3.1 .7 NUTRIENTS 
A. NITRATE - NITROGEN 
The nitrate nitrogen concentration in different ponds 
applied . with organic manures is given in table 26 and figure 
24. 
Tn pond A, nitrate concentration during the zero week was 
0.19 ppm which got reduced to 0.16 pp m during the first week . 
The highest concentration of 0 . 22 ppm was recorded during the 
3rd week which declined gradually till 6th week (0.09 ppm), 
increasing later t o 0.12 ppm by 7th week . The values then 
gradually declined to 0 . 09 ppm by the end of 10th week of 
culture . 
In control pond B, the nitr a te nitrogen was found 
dec reas ing gradually reaching a minimum of 0.02 ppm during 5th 
week . The values though increased during the subsequent weeks 
remained low within a range of 0 . 04 and 0 . 10 ppm. 
In pond C, the concentration was 0 . 16 ppm during the zero 
week and it decreased to 0 . 13 during the first week . The 
lowest and highest concentration of 0.03 and 0 . 17 ppm were 
Treatment 
Weeks 
o 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Mean 
Correlation 
I' value 
TOTAL HARDNESS (ppm) NITRATE NITROGEN (ppm) 
A 
1813.42 
1672 .95 
1618.35 
2063 .64 
1788.32 
1818.79 
1343.31 
1604.10 
4245.67 
7268.91 
1325.72 
8 
2642 .89 
2513.83 
2529.45 
2466.81 
2018. 64 
2268.53 
1706.99 
1605.89 
1415 .31 
6008.78 
3410.91 
e 
1832.67 
1742.31 
1343.91 
1564.32 
1769.48 
1438.67 
1918.92 
2293.67 
2415.63 
3205.72 
2981. 61 
o 
1268.32 
1618.99 
1916.87 
3266.13 
3418.64 
4216.33 
4118.93 
3806.11 
3916.18 
3604.83 
1969.76 
A 
0.19 
0.16 
0.18 
0.22 
0.18 
0.06 
0.09 
0.12 
0.12 
0.11 
0.09 
8 
0.98 
0.14 
0.15 
0.12 
0.14 
0.02 
0.04 
0.05 
0.10 
0.10 
0.08 
864.11 1838.64 2243.73 1619.82 0 .11 0.04 
.. 
2285 . 61 A 2535.56 A 2062.55 A 2895 .08 A 0 .14 A 0.10 A 
0.046 NS 0.182 NS 0.854 NS 0 . 448 NS -0.750 NS -0 .512 NS 
e 
0.16 
0.13 
0.12 
0.17 
0.03 
0.08 
0.13 
0.14 
0.17 
0.16 
0.15 
0.16 
0.13 "A 
0.907 S 
o 
0.18 
0.15 
0.17 
0.18 
0.17 
0 .12 
0.03 
0.07 
0.18 
0.10 
0 .09 
0 .17 
0.13 A 
-0.119 NS 
.. Any two means having a common letter are not Significantly different. S - Significant. NS - Not Significant 
Table 26: Total Hardness and Nitrate Nitrogen in water recorded in ponds applied with 
(A) poultry dropping (8) control (e) cowdung and (D) piggery waste. 
Fig.24 
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Total Hardness and Nitrate Nitrogen 
recorded In ponds with organic manures 
Total Hardness (ppm) (Thousands) 
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NI trate nitrogen (ppm) 
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recorded during the 4th and 3rd weeks respectively. The 
concentration r ecorded were between 0 .12 and 0 . 17 ppm during 
the weeks 2, 6, 7, 8, 9, 10 and 11th weeks . 
In pond D, which was manured with piggery waste, the 
nitrate concentration indicated the least value of 0.03 during 
6th week while the highes t va' ue of 0. 18 was observed dur ing 
the zero , 3 and 8th weeks. The nitr ate nitrogen concentration 
in this pond was found flu-ctating widely with lower values 
obt ained towards the middle of the culture period. 
The average nitrate nitrogen concentration in A, B, C and 
D ponds were 0.14, 0 . 10, .0.13 and 0.13 ppm respectively. 
Anova of nitra te nitrogen concentration at different 
ponds showed no significant difference (P>0 . 05) . Correlation 
analysis indicated significant positive relationship between 
nitrate concentration and growth in pond C. In other ponds no 
relationship was obse rved . 
B. PHOSPHATE - PHOSPHORUS 
The nutrient phosphate concentr at ion in ponds applied 
with different organic manures is given in table 27 and figure 
25. 
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The concentration recorded in pond A was 0 . 37 ppm during 
the zero week which decreased to 0.33 ppm during the first 
week. The values further showed 2 peaks during the 3rd and 6th 
weeks, the latter being the maximum value (0 . 62 ppm) recorded in 
this pond. During the period 8 to rOth weeks of culture, the 
phosphate concentration was found steadily declining reaching 
the lowest range of 0.25 ppm during the 10th week , increasing 
thereafter to 0 . 47 ppm during the 11th week . 
Tn control pond B with an obviously lower phosphate 
regime, the concentration during the zero week was 0 . 37 ppm 
which was reduced slightly to 0 . 35 ppm during dthe first week. 
During all other weeks, the concentration ranged between 0 . 20 
and 0 . 34 ppm. 
Tn pond C, where cowdung was used as manure, the 
phosphate concentration was comparatively high . The 
concentration recorded during the zero week was 0 . 46 ppm which 
declined to 0 . 27 ppm in the first week . Reflecting the impact 
of the manure used, the 3rd week recorded the highest value of 
1 . 02 ppm, which however declined during the subsequent weeks to 
the lowest value of 0 . 26 ppm du r ing the 10th week. The value 
showed an inc r ease to 0.49 ppm during the 11th week of culture. 
Tn pond 0, where piggery waste was used, the phosphate 
concentration recorded during the zero week was 0 . 57 ppm which 
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was fou nd declini ng to 0 . 23 ppm duri ng t he fi rst week . 
Maintaini ng a co mpa r a tively low r ange duri ng the subsequent 
weeks , the concentration ranged between 0.18 ppm during the 
10 th week to 0 . 45 ppm during the 8th week of culture. 
The average phosphate concentration r eco rded was 0 . 38, 
0.29, 0.56 and 0.32 ppm in ponds A, B, C and D respectively. 
Anova of phosphate concentration in different ponds 
showed significant difference (P<0.05 ) . Pai rwise comparison 
indicated significant difference in phosphate concentration 
between ponds A and C, Band C and C and D. Cor relat ion 
analysis recorded no significant relat ionship between phosphate 
concentration and growth of prawns in al l ponds . 
C. NITRITE - NITROGEN 
Table 27 and 
concentration in the 
manures. 
figur e 
ponds 
25 illustrate the 
applied with various 
nitrite 
o r ganic 
In pond A and C, the values r anged from 0 . 001 t o 0 . 003 
ppm with the highe r values noticed during the ea r lie r weeks of 
culture. 
Treatment 
Weeks 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Mean 
CorreIa tion 
r Value 
PHOSPHATE PHOSPHORUS (ppm) 
A 
0.37 
0.33 
0.37 
0 . 48 
0 . 25 
0.35 
0.62 
0 . 49 
0.37 
0.26 
0.25 
0 . 47 
0.38"'A 
- 0. 174 NS 
B 
0 . 37 
0 .35 
0 . 20 
0.22 
0.34 
0.26 
0.34 
0 . 30 
0. 25 
C 
0.46 
0.27 
0.58 
1.02 
0 .57 
0.51 
0.69 
0.67 
0.64 
D 
0.57 
0.23 
0.32 
0.37 
0.20 
0.20::' 
0.30 
0.39 
0.45 
0 . 28 0.54 0.28 
0 . 29 0. 26 0.18 
0.31 0.49 0.31 
0.29 A 0.56"'B 0.32 A 
0 . 405 NS -0. 272 NS 0.214 NS 
NITRITE NITROGEN (ppm) 
A 
0. 003 
0.002 
0.003 
0.002 
0 .002 
0.001 
0.001 
0 .002 
0 .002 
B 
0.003 
0.004 
0.004 
0.003 
0 .002 
0.001 
0.001 
0 .002 
0 . 002 
0 . 001 0.001 
0.001 0 . 001 
0.001 0.003 
0.002 A 0 . 002"'AB 
-0 .766 NS -0.462 NS 
C 
0.002 
0.002 
0.003 
0.003 
0.001 
0.001 
0.002 
0 . 002 
0 . 002 
0 . 001 
0 . 002 
0.002 
0 . 002 A 
-0.938 S 
D 
0 . 002 
0 . 005 
0.003 
0 . 004 
0 . 002 
0.001 
0.002 
0.001 
0.002 
0.001 
0.007 
0.006 
0 .003 *B 
0.110 NS 
.. Any two means having a common letter are not significantly different. S - Significant. NS - Not Significant 
Table 27: Phosphate Phosphorus and Nitrite Nitrogen concentrations in water record in ponds applied with 
(A) poultry dropping (B) control (C) Cowdung and (D) piggery waste. 
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Fi g. 25 Phospate Phosphorus & Nitrite Nitrogen 
recorded In ponds with organic manures 
Phosphate pholphorul (ppm) 
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Nitrite nitrogen (ppm) 
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In pond B also, the concentration ranged between 0.001 
and 0.004 ppm with the higher values recorded during the 
earlier weeks . 
Tn pond D, the values ranged between 0.001 and 0 . 007 ppm. 
The lowest value of 0.001 ppm being recorded during the weeks 
5, 7 and 9. The highest value of .007 ppm was recorded during 
the 10th week. Comparatively higher values were recorded 
during earlier weeks . 
A, 
The 
B, C 
average 
and D 
nitrite nitrogen concentration in ponds 
were 0 . 002, 0.002, 0.002 and 0.003 ppm 
respectively, thereby registering the highest average value in 
pond applied with piggery waste. 
Anova of nitrite concentration in different ponds 
indicated significant difference (P<O.Ol) . Pairwise comparison 
r evealed that the nitrite concentration in pond D is 
significantly diffe rent from that of ponds A and C. 
Correla tion analysis indicated a strong negative relationship 
between nitrite concentration and growth rate of prawns in pond 
C. 
D. AMMONTA - NITROGEN 
The ammonia concentration in different ponds applied with 
or ganic manures is given in table 28 and figure 26. 
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Tn pond A, applied with poultry manure, the ammonia 
conce ntration was found decreasing f r om the highest v alue of 
0.34 ppm during t he ze ro week to 0 . 26 ppm in the fi r st week 
which aga in dec r eased du r ing the subsequent weeks . The value 
varied be t ween 0 . 10 and 0 . 17 ppm during t he weeks 2, 6, 7, 8 
and 11 . The concentration was below 0.1 ppm du ring the weeks 
3 , 4 , 5, 9 and 10. 
Mai nt a i ning a lower level of ammonia in cont r ol pond B, 
the concentr ation was 0 . 12 ppm in the ze r o week whi ch decreased 
to 0 . 09 du r ing the 2nd week of culture. The values later 
showed an increase to 0.16 ppm duri ng the 3rd week and again 
du ring the 6th week (0.10 ppm). The concen tration late r 
sta rt ed declining to a minimum of 0 . 02 ppm during the 9th week . 
The hi ghes t va lue of 0 . 17 ppm was r eco rded du ring the 11 th 
week . 
Tn pond C manu r ed with cowdung, the concent r at i on for the 
zero week was 0 . 23 ppm which increased to 0 . 32 ppm in the fi r st 
week. The reafter, the value decreased sha rpl y to 0 . 03 ppm in 
3 rd and 8th week which fu r t he r increa sed 0.3L ppm during 11th 
week . 
Tn pond 0, the conce ntr ation during the ze r o week was 
0 . 17 ppm which increased to 0 . 18 ppm during the fi rst week. 
Duri ng the subsequent weeks, the value s howed a decre asing 
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trend, reaching a l ow 0.01 pp m during 6th week . Th e 
co ncentration again showed a n increase t o 0 . 08 ppm durin g 10 
a nd 11th weeks . 
It is evident from the f igure that the ammoni a 
concentration durin g zero week was hi gh in pond applied with 
poultry ma,nure but during the last weeks, it was high in pond 
a pplied with cowdun g . 
The avea ge a mm oni a concentration in ponds A, B, C a nd D 
-was 0 . 14, 0.09, 0 . 13 a nd 0 . 09 ppm r es pe ctive ly . 
Anova of a mmonia concentration in diff e rent ponds s howed 
no s i gnificant diff e renc e (1' >0 . 05) . Correlation a na l y s is 
showed that in a ll pond s th e r e ex i s t no si g nif i ca n t 
r e La tionship betlvee n amm onia con cent r a t io n a nd g rowth r a t e of 
p rawn s . 
3 . 1 . 8 GROS S PRIMARY PRODUCTfVTTY 
The g ross pri mar y productivit y value s of differ e nt po nd s 
a ppli ed with org anic manures a r e give n in t a bl e 28 a nd f i gur e 
Z6 . 
Tn pond A, g ross p rim a ry p rod uc ti vit y wa s ge ne r a ll y 
s howing a n increas ing t r e nd t oward s the e nd of the c u1 t u r e 
pe ri od , th e v a lues r Jnged bet wee n 32 1. 94 mgC /M 3/hr of 7.e r o wee k 
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t o 2092 . 35 mgC/M 3/h r during 9th week . The va l ues l ate r 
dec r eased t o 844 . 23 mgC/M 3/hr du r i ng 11th week . 
found 
week . 
Tn control pond Il a I so th e g ross pri llla r y productivi t y \.as 
dec r eas ing f r om 423 . 83 of ze r o week to 186 . 30 du r ing 6th 
3 Subsequent I y ,the va I ue r anged be t \,/een 698 . 35 mgC / M / h r 
du ri ng 8 th week to 1029 . 13 3 IIIgC/M Ihr du ring th e 9th week . 
Com parative l y l ower values we re r ecord ed in this pond . 
Tn pond C where cowdun g was used as the ma nur e , the 
prima r y productivity value was f ound s hooting up f r om 351. 03 
mgC /M 3/hr of ze ro week t o 1276 . 76 mgC /M 3/h r du r ing 4th week . 
The values lat e r declined to 477 . 85 mgC /M 3/hr du r ing th e 6th 
\oJeek. 3 The lIIax i lll um va l ue 1117 . 12 mgC / M Ih r was noticed during 
the 7th week, which subsequen tly dec l ined t o 339.58 mgC / I-1 3/hr 
du ri ng 11th week, towa rds the e nd of th e ex periment . 
The g r oss pri ma r y p roductivit y in pond D fe r til I zed wi ttl 
p i gge ry waste dudng th e ze ro we ek was 5"11. 88 mgC /M 3/hr which 
was the lowest value obse r ved in t hi s pond. The value 
gr adually inc r eased to 1476 . 43 mgC/M 3/h r during the 4th wee k . 
Afte r s howing a r eduction t o 485 . 84 mgC/M3/h r during 5th week, 
the val ue again 
IIIgC /M 3/h r during 
increased to 1178 . 25 , 1636 . 36 and 1993 . 95 
7, 8 
g r oss produc tivity of 
9t h ",eek . 
and 9 t h weeks res pectively . The hi ghest 
1993 . 95 mgC /M 3/hr was noticed during the 
AMMONIA NITROGEN (ppm) PRIMARY PRODUCTIVITY (mg . 3 clm /hr) 
Tr-eatment 
Weeks A B C 0 A . B C 0 
0 0.34 0.12 0 . 23 0. 17 321.94 423.83 351. 03 511.88 
1 0 . 26 0.06 0.32 0.18 483.96 314 . 66 640 . 81 581 . 69 
2 0.15 0.09 0.18 0 .17 592.31 353 . 38 883 . 53 616.84 
3 0.08 0 .16 0.03 0 . 14 792.07 490 . 90 960 . 94 889 . 27 
4 0. 09 0.05 0 .02 0 . 04 421 . 85 302 . 06 1276.76 1476 . 43 
5 0.09 0 . 01 0 .01 0.02 673 . 81 291.38 915 .94 485 . 84 ..... 00 
-D 
6 0.10 0 . 10 0 . 02 0.01 781. 75 186.30 477 . 85 979 . 35 
7 0.15 0. 08 0 . 05 0.04 989 . 50 897 .73 1117 . 12 1178.25 
8 0 .17 0.16 0 . 03 0 . 07 1785.45 698.35 1008 . 61 1636 . 36 
9 0.07 0 . 02 0 .10 0 . 06 2092 .35 1029 . 13 780.95 1993.95 
10 0.06 0 .16 0 . 26 0.08 1227.56 565 . 31 765 . 50 896 . 04 
11 0. 12 0 . 17 0 . 31 0 . 08 844 . 23q 771 . 59 339 . 58 672 .64 
Mean 0. 14 "A 0.09 A 0 .13 A 0 .09 A 917.23"AB 527 . 05 A 793.22 AB 993 . 21 B 
Cor-r-ela t ion 
-0.381 NS 0 . 567 NS 0 . 099 NS - 0 . 765 NS 0 . 553 NS 0 .763 NS -0. 217 NS 0.680 NS r- Value 
" Any two means having a common letter- ar-e not significantly differ-ent. S - Significant . NS - Not Significant 
Table 28: Am monia-Nitr-ogen conncentr-a tion and pr-imar-y pr-oductivity r-ecor-ded in water- in ponds applied with 
(Al poultr-y dr-opping (B 1 contr-ol (C 1 cow dung and (0 1 pigger-y waste . 
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Fig. 26 
Ammonia Nitrogen & Primary Productivity 
recorded In ponds with organic manures 
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Tn all ponds except pond C, the highest value was 
recorded during the beginning of the later half . Tn pond C, 
the highest value was recorded du ri ng the end of the fi r s t 
half . 
The average gross primary pr oductivity in A, B, C and D 
ponds were 917 . 23, 527.05, 793 . 22 and 993 . 21 mgC/M3/hr 
respectively. 
Anova of gross primary productivity in diffe r ent ponds 
sllowed significant difference (P<0 . 05) . Pairwise comparison 
indicated significant difference in values between Band D 
only. Correlation analysis showed no signi f icant re1 ation-
ship between g r oss primary pr oduct i vity and growth of prawns in 
all ponds . 
3 . 1 . 9 PHYTOPLANKTON 
Details r ega rding the phytopl ankton concentration in 
ponds fertilised with diffe rent ma nure s a r e furnished in table 
29 and figure 27. 
It may be see n tha t invariably in all ponds , the 
phytoplankton concentration i s inc r easing f r om the second week 
of the culture pe r iod . 
was 
The value of phytoplankton in pond A during the zero week 
low being 1 . 34 ml/H3 which incre ased to 4.01 ml /M 3 during 
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the first week . The hi ghest value of 8 .36 ml/H3 was recorded 
during the 9th week, which however decreased to 5 . 98 and 5 . 10 
ml/H3 during 10 and 11th weeks respect i vely. 
Tn control po nd B, gen r ally low phytopl ankton 
concentration was noticed. During the ze ro week the value was 
0.86 ml/H3 which increased to 3 . 84 ml/H3 during the first week . 
During the subsequent weeks of culture , the va lues showed a 
dec re asing trend r eaching a low value of 1.86 ml /113 during 6th 
week which however increased to reach a max i mum of 5 . 41 ml /~1 3 
during the 9th week . 
In pond c fertilised with cowdung the lowe st 
concent ration of 1. 89 ml/M3 was recorded during the zero week, 
wh i ch g radually increa sed to the highes t value of 6.71 ml/H3 in 
the 5th \veek . 
dec r eas ing during 
during 7th week to 
The phytoplankton production was found 
the subsequent weeks r anging between 
3 2 . 55 ml/M during the 11th week . 
5.66 
In pond 0 where piggery waste wa s used as the manure, the 
lowest concentration of 1 . 43 ml/M 3 was r eco rded in the ze r o 
week which g radually increased to a hi gh of 5 . 40 ml/M 3 during 
t he 5th week. During the subsequent weeks the values within a 
r ange of 3 .57 and 5.1 2 ml /M3 did not show much flu~ctuation. 
The average conc entration of phytopl ankt on in po nd s A, B, 
e a nd 0 were 5 . 09, 3 . 37, 4.58 and 4 . 03 ml/M3 r espectively . 
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Anova of phytoplankton concentr ation in different po nds 
applied with organic manures showed s i gn ificant diff e r ence 
(P <O.OS) . Pairwise comparison indic at ed significant difference 
i n phytoplankton concentration on~ be twee n ponds A and B 
indicating that poultry manure can inc r ea se the phytoplankt on. 
Correlation analysis revealed no s i gnificant rel a tionshi p 
between phytoplankton concentration and g rowth of prawns in all 
ponds. 
3 .1 . 10 ZOOPLANKTON 
Details regarding the zoopl ankton concentration in 
different ponds are given in table 29 and fi gure 27. 
As in phytoplankton, zooplankt on concentration also 
indicated an increasing trend towa rd s the s econd half of the 
culture period . 
In pond A applied with pou ltry dropping , the 
concentration was 1.24 ml/M3 of wa t e r during the zero we ek. 
After showing a gradual incre ase to 2 . 82 ml/M3 in the 3rd we e k, 
the concentration de c reased to 1 . 37 ml/M3 in 5th week. During 
the second half of the experi ment, the zooplankton 
concentration was found increasing reaching a max i mum of 4. 86 
ml/M3 during the 9th week. 
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Tn t he control pond B with gene rally a lower r ange of 
zooplankton concentration, the values varied between 0.99 
ml/M3 of the first week to 2 . 32 ml/M3 of the 7th week. 
Among the manu r ed ponds ,with a lowe r range of zooplankton 
pr oduct i on pond C showed an initial low value of 0.79 ml/M3 
du ring the zero week which gradually increased to 2.57 ml/M3 
during 3rd week. After showing a reduced value of 1 . 74 ml/M 3 
in 4th week, the concentration again increased to a high of 
2 . 96 ml/M3 i n the 8th week. The value howeve r dec r eased to 
0 .62 ml /M3 during the 10th week . 
In pond D fe rt ilized with piggery waste, the zooplankton 
concent r at ion showed higher values during the 2nd half of the 
culture pe r iod and the maxim um concentration obtained was 5 . 43 
ml/M3 during 8th Iveek. Du r ing the first 6 weeks, the values 
we r e almost in line with those of other ponds . 
The average concentration of zooplankton was 2.70, 1 . 61, 
1 . 70 and 3 . 10 ml / M3 in ponds A, B, C and D respectively . 
Anova of zooplankton concentration in diffe r ent ponds 
showed significant difference (P<O.Ol) . Pai rwise compa rison 
indicated significant diffe r ence between ponds Band D and C 
and D. Correl ation analysis r evealed no significant 
relationship between zooplankton concentration and growth of 
p r awns . 
PHYTOPLANKTON ( ml/m3 ) WOPLANKTON ( ml/m3 ) 
Treatment 
Weeks A 8 C 0 A 8 C 0 
0 1.34 0.86 1.89 1.43 1.24 1.47 0.79 1. 76 
1 4 . 01 3.84 3.41 3 . 86 1.49 0.99 1.32 1.92 
2 5.02 3.33 4.56 3 . 49 2 . 43 1.24 1.96 2.53 
3 4.45 3 . 60 5.39 3.95 2.82 1.47 2 .57 2 .64 
4 3 . 14 2. 14 5 .87 4.23 1.96 1.63 1. 74 1.59 
5 4 .89 2.29 6.71 5 . 40 1.37 1.50 2.03 1.46 
... 
6 5.25 1.86 4.30 3.64 2.76 1.87 2.00 4.13 
'" Vl 
7 6. 16 4.93 5.66 4 . 79 2.23 2.32 2.12 4.57 
8 7 . 43 3. 86 5.23 4.83 4.45 1. 74 2.96 5 . 43 
9 8 .36 5 .41 4 . 64 5 .12 4.86 2 . 24 0.74 5.35 
10 5.98 3 . 37 4 .72 4 . 01 3 .80 1.56 0 . 62 3.47 
11 5.10 4 . 38 2. 55 3.57 2 .96 1.34 1.53 2 . 30 
Mean 5.09 *A 3 .32 *8 4.58 A8 4.03 A8 2 .70 "'A8 1. 61 "'A 1. 70 A 3 . 10 8 
Correlation 0.392 NS 0.518 NS -0 . 158 NS 0.653 NS 0.623 NS 0.146 NS -0.080 NS 0.623 NS 
r Valaue 
'" Any tlVO means having a common letter are not significantly different. S - Significant , NS - Not Significant 
Table 29: Phytoplankton and Zoplankton concentration recorded in ponds app lied with 
(Al Poultry dropping (8 1 control (C 1 cow dung and (0 1 piggery waste . 
Fig. 27 
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3 . 1 . 11 HETEROTROPHTC ACTTVTTY 
Heterotrophic activity in water in ponds fertilised with 
organic manures was determined by the r eduction in weight of a 
cotton strip suspended for 5 days and expressed as percentage 
reduction in weight per day . 
Tn pond A ferti Used with poultry manure, the 
heterotrophic activity was 0.25% durin9 the zero week which " 
increased to 0.59% during 8th week . The values later decreased 
to 0 . 33% during the 11th week . 
Tn control pond B, the value for the zero week was 0.33% 
which was the lowest value observed during the culture period. 
Later the value increased to a high of 0.50% during the 4th 
week and further decreased to reach a value of 0.40% during the 
11th week . 
Tn pond C fertilised with cowdung the activity was 0 . 53% 
~ 
during the zero week which increased to the higher value of 
0.84% during the 6th week. The lowest value recorded was 0.52% 
during the 8th week. 
Tn pond D, manured with pi ggery waste, the value 
inc reased to the highest level of 1 . 13 during the 6th week from 
0 .337. of the zero week. The value recorded during the last 
week was 0 . 83% . 
HETBROTROPHIC ACTIVITY OF WATER 
( \ Reductim in weight/day) 
Treatment 
Weeks A B C D 
0 0.25 0.33 0.53 0 .33 
2 0.23 0.49 0.64 0.28 
4 0. 31 0 . 50 0.65 0.33 
6 0 .37 0 . 43 0.84 1.13 
8 0.59 0 .39 0.52 1.05 ,... 
-0 
co 
10 0.43 0.36 0.56 0 . 99 
11 0.33 0 . 40 0.53 0 . 83 
Mean 0.36 A 0.41 *AB 0.61 AB 0.71 *B 
Corr e ia tion 0. 580 NS - 0 . 941 S - 0.427 NS 0.914 S r Value 
Any two means having a common letter are not significantly different. S - Significant. NS - Not Significant 
Table 30 : Heterotrophic Activity of water recorded in ponds applied with 
(A) poultry dropping (B) Control (C) Cowdung a nd (D) Piggery was te 
199 
In all ponds, the value was found be higheY. during the 
middle pe r iod. 
The average heterotrophic activity in A, B, C and D ponds 
we re D.36, 0 . 41, 0 . 61 and 0 . 71% r espec tively . The highest 
ave r age value was reco rded in pond applied with piggery waste. 
Anova of heterotrophic activity of wate r i n different 
ponds showed signi f icant difference (P<O . OS) and pairwise 
comparison indicated significant diffe rence between pond s A and 
D and not among any other ponds . Co rrelation analysis showed 
significant negative r elationship between hetero trophic 
ac tivity in water and growth of prawns in pond B and positive 
relationship in pond D. 
3.2 SO I L QUALI TY PARAMETERS 
3.2 . 1 SOIL pH 
Details regarding the pH of soil in different ponds 
applied with or ganic manu r es are given in table 31 and 
figure 28 . 
In pond A/the soil pH was 7 . 71 during the zero week which 
increased to a minimum of 7 . 04 during the 10th week. The value 
recorded during the 11th week was 6 . 99 . 
SOIL pH 
Treatment 
Weeks A B C D 
0 7 . 71 7.78 8.25 7.73 
1 7.91 7.96 8.36 7.86 
2 7 . 66 7.73 8 . 10 7 . 89 
3 7 . 64 7.83 7.96 7 . 91 
4 7.46 7.59 7 .43 7.86 
5 7 . 59 7 . 56 6.94 7 . 63 
6 7.67 7 . 43 7.63 7.33 
7 7 . 06 7.36 7 . 49 7.64 
8 7 . 39 7 .46 7 . 26 7.53 
9 7 . 21 7.55 6 . 68 7 . 44 
10 7.04 7 . 13 7.29 7.10 
11 6.99 7.24 6.86 7.01 
Mean 7. 44 *A 7.55 A 7.52 *A 7 . 58 *A 
Correlation 
-0 . 867 S -0.899 S -0.918 S -0.666 NS I' Value 
'" 
Any two means having a common letter a re not significantly different . S - Significant. NS - Not Significant 
Table 31: Soil pH recorded in ponds applied with 
(A) poultry dropping. (B) control (C) cow dung and (D) piggery waste. 
N 
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In pond B, the pH was 7.78 during the zero week which 
increased to the highest value of 7.96 during the first week. 
The minimum value of 7.13 was recorded during the 10th week. 
Tn pond C, the pH recorded in ze ro and first week were 
8 .25 and 8.36 r espectively . The lowest value of 6.68 was 
recorded in the 9th week and the highest value of 8.36 during 
t he first week. 
In pond D, the pH was 7 . 73 in the ze ro week which 
g r adually increased to the highest value of 7.91 during the 3rd 
week. Thereafter the values gradually decreased to 7.01 in the 
11th week. 
The average soil pH values recorded in ponds A, B, C and 
D were 7 . 44, 7.55, 7.52 and 7.58 re spectively. 
Anova of soil pH at di ffe rent ponds showed no signi ficant 
difference (P>0.005). Co rrelati on analysis indicated 
signi ficant negative re la tionship between soil pH and growth of 
prawns. 
3.2.2 ORGANIC CARBON 
Tn pond A, the organiC carbon during the zero week was 
2 . 38% followed by an increase to 2.50 during the second week. 
The values were found declining thereafter reaching to a 
minimum of 1 . 04% during the 8th week . (table 32 and figure 29). 
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Tn control pond B, the organic carbon content was 0.96% 
during the zero week which increased to the highest value of 
1 . 19% during the 8th week. The 10th week indicated the lowest 
value of 0.79% . In general the o r ganic carbon in pond B was 
comparatively low than those of other ponds. 
Pond C showed a value of 3 . 32% during the zero Iveek 
followed by 3 . 56% in the second week . The value s ranged 
between 2 . 08% and 2 . 93% during the weeks 4 to 10 and the lowest 
value of 1 . 81% was recorded during the 11th week . Among 
different ponds, in all weeks , higher values were recorded in 
this pond indicating that application of cowdung can increase 
the organic carbon content . 
The soil in pond D was with l ess (0 . 50%) organic carbon 
content during the ze ro week, which increased gradually through 
the culture period reaching the highest value of 1.41 % during 
the 11th week. 
The average organic carbon content in ponds A, B, C and D 
we r e 1.64, 1.02, 2 . 62 and 1.01% respectively, anova of which 
showed significant difference (PeO . OS). Pai rwise compa ri son 
showed that the organic ca rbon content was significantly 
different among the ponds Band C and C and D. Correlation 
ana lysis indicated that in ponds A and C, there exists 
significant negative relationship between organic carbon 
content and growth of prawns . 
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3 . 2 .3 TOTAL NITROGEN 
Particulars r ega rding the total ni trogen concentr a tion in 
soil in different ponds a r e given in table 32 and figure 29. 
In pond A, the concentration was 0.09% during the zero 
week . The value increased to the hi ghest value of 0.17% during 
the second week, which howeve r decreased to 0.15% during the 
4th week. The lowest value of 0.06% was recorded during 6th 
and 8th week. During the other weeks of culture also the 
values recorded were below 0 . 1% . 
In pond B, zero week indicated the highes t concentration 
of 0 . 15% which declined steepily to a low of 0.06% in the 
second week . The values recorded sub sequently during the 4, 6 
and 8th weeks were above 0.1% wi~h the concent rations declining 
thereafter . 
In pond C, the concen tr ation increased f rom 0.19% du ri ng 
the ze ro week to 0 . 21% in the 2nd week and 0 .24% in 4th week . 
Thereaf ter the values ranged between 0 .14 and 0 .1 8% . Among all 
pond, this pond s howed higher values. 
In pond D, the concen tration du r ing the ze ro week was 
0 . 06% followed by 0.05% in the second week . The weeks 4 to 11 
showed values r anging between 0.09 and 0 . 14%. 
ORGANIC CARBON 
" 
TOTAL NITROGBN 
" Treatment 
Weeks A 8 C 0 A 8 C 0 
0 2.38 0.96 3.32 0.50 0.09 0.15 0.18 0.06 
2 2. 50 1.11 3.56 0 .57 0 .17 0 .06 0.21 0.05 
4 1.96 0.92 2.93 0 .98 0 . 15 0.11 0.24 0.10 
6 1.18 1.16 2.44 1.22 0 . 06 0 .13 0.16 0.14 
8 1.04 1.19 2.08 1.03 0.06 0 .12 0.17 0.11 
10 1.21 0.79 2.20 1.37 0.07 0.09 0.18 0.10 
11 1.19 1.01 1.81 1.41 0.08 0.08 0.14 0.08 
Mean 1.Gff. 1.02 2. 62 1.01 0.10 0.11 0 .18 0.09 
Correia tion 
-0.861 5 -0.607 NS -0.977 5 0 . 760 NS -0.749 NS 0.164 NS - 0.775 NS 0.721 NS 
r Value 
.. Any two means having .a common letter are not significantly different. S - Significant, NS - Not Significant 
Table 32: Organic Carbon and Total Nitrogen inSoil recorded in ponds applied with 
(A) poultry dropping (8) control, (C) cow dung and (D) piggery waste. 
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The ave r age values re co rded in po nd s A, B, C and D were 
0 . 10, 0.11, 0 .1 8 and 0 . 09% re spectively . Anova of t otal 
nitrogen at different ponds showed signi fica nt di ffe r ence 
(P<O .Ol). Pairwise comparison indicat ed t hat t he value in pond 
C is significantly different with the values i n all other 
ponds. Correlation co-efficient revealed no significant 
r ela tionship between total nitrogen and g r owth of prawns . 
3 . 2 .4 C/ N RATTO 
The ratio between the organic ca rbon and total nitrogen 
con t ent of the soil was reckoned as the C/N r atio . 
Tn pond A, the C/N r a tio indic ated the maximum value of 
25 . 31 du r ing the ze ro week . Subsequent ly , the ratio declined to 
a minimum of 13. 38 in the 11th week . 
Tn pond B, the lowes t C/ N r atio obse r ved was 6 . 13 during 
the zero week, whi ch inc reased to the highes t value of 17.39 
during the second week . C/ N r a tio later was decreased t o 8 . 19 
and 12 . 55 during the 10th and 11th we eks respectively. 
Tn po nd C, however, the maximum value of 17 . 95 was 
noticed in the ze ro week. Subsequen t ly t he value decreased to 
a low of 11 . 86 during the 10th week . 
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As in pond B, the C/N ratio in pond D also was the 
lowest, the value being 7 . 38 . Lat er the C/N ratio increased 
g radually r eaching to the highest value of 15.08 du r ing the 
11th week. 
The average value of C/N ratio were 16 . 83, 10 . 10, 13 . 98 
and 10.38 in ponds A, B, C and D respect i ve l y, indicating the 
highest value in pond applied with poultry dropping. 
Anova of C/N ratio in different ponds showed significant 
difference (P<O . Ol) . Pairwise comparison indicated that C/N 
r a tio in pond A is significantly diff e r ent from that of ponds B 
and D. Correlation co-efficient showed negative relationship 
only in pond C between C/N r atio and g rowth of prawns . 
3 . 2.5 TOTAL PHOSPHORUS 
Details regarding the concentr ation of total phosphorus 
in different ponds applied with orga nic manures are given in 
table 33 and figure 30. 
In pond A, fertilised with poultry manure the 
concentration of pho.sphorus during the zero week was 608.23 
ppm. The lowes t and the highest va lues of 598 . 57 and 808 . 10 
ppm were observed during the 6th and 10th weeks respectively . 
Tn pond B which is the control, the value obtained du r ing 
the ze ro week was 714 . 43 ppm \~hich go t reduced to the lowest 
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value of 673.54 ppm during the 2nd week. The highest value of 
899 . 34 ppm was r eco rd ed during the 11th week . 
Tn pond C, 
con tent of soil 
manured with cowdung, the total phosphorus 
i n general was compa ratively high . The 
phosphorus content during the zero week was 82 7. 54 ppm, which 
s howed an increase to 941.56 ppm during the 2nd we ek . The 
va lue la ter got r educed to a low of 814 . 58 ppm during the 6th 
week . The highest value of 1163 . 81 ppm was observed in the 
10th week . 
Tn pond D, fertilised with pigdung , the phosphorus 
content was comparatively low . Tn this pond the total 
phosphorus content in the soil during the ze ro week was 692 . 23 
ppm which r educed to the lowest value of 605 . 38 ppm in the 4th 
week . The hi ghest value of 787. 10 ppm was r eco rded during the 
11th week . 
The avera ge concentration of total phosphorus in ponds 
A, B, C and D we re 723.81, 752.36, 985 .39 and 690. 43 ppm 
r espectively . 
Anova of t otal phosphorus at different ponds showed 
s i gnificant difference (P<O.Ol) . Pairwise comparison indicated 
that t otal phosphorus in pond C is significantly dif fe r ent f r om 
t hat of ponds A, Band D. Correlation ana l ysis reveal ed that, 
in no ponds there exists a significant relationship between 
to t al phosphorus and growth r a te of prawns. 
C/N RATIO TOTAL PHOSPHORUS (ppm) 
Treatment 
Weeks A 8 C D A 8 C D 
0 25 .31 6.13 17.95 7.38 608 . 23 714.23 827 .54 692.23 
2 14 . 46 17.39 16.26 10.10 801.54 673 .54 941.67 648.63 
4 12.76 8 .06 12 . 00 9.84 714.37 711.83 914.67 605.38 
6 19 .39 8.68 15.01 8 . 37 598.57 776.52 814.58 639 . 61 
8 16.53 9.72 12 .13 9 . 31 787 . 54 789.53 1131. 25 752.39 
10 15.98 8 .19 11.86 12.57 808.10 701.37 1163.81 707.67 
11 13.38 12.55 12.68 15.08 748 .31 899 . 34 1104.32 787.10 
Mean 16 .83 A 10 .10 "'8 13 . 98 "'A8 10.38 "'8 723.81 A 752 . 36 " A 985 . 39 "' 8 690.43 A 
Correlation 
- 0.112NS - 0 .625 NS - 0 .928 5 0.114 NS 0 . 096 NS 0.429 NS 0.626 NS 0 . 603 NS 
r value 
'" Any two means having a common letter a re not significantly different. S - Significant. NS - No t Significant 
Table 33: C/ N ratio and Total Phosphorus in soil recorded in ponds applied with 
(8) control (C) cow dung and ( D) pigger y was te . 
(A) poultry manuring 
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3 . 2 . 6 GRAIN SIZE ANALYSTS 
For grain si ze analysis, a t otal of 8 soil samples \~ere 
taken from different a re as and we r e pooled togethe r . A 
subs ample was then taken for analysis . 
In pond A, the sand, silt and c lay cont ent recorded were 
70 . 59%, 13 . 05 and 16.36% respec t ively . Tn pond B, the 
corresponding va lues were 64 . 72%, 15.28% and 20 . 00% 
respectively. In pond C and D, the sand, silt and clay content 
were 75 . 92 and 67 . 50%, 8.63 and 12 . 78% and 15 . 45 and 19 . 72 i. 
respectively. 
3 . 2.7 HETEROTROPHT C ACTIVI TY 
Hetero t rophic activity was meas ured as percentage 
reduction in weigh t/day of a spreaded cot t on strip ove r the 
bottom and the values -obtained i n different ponds are given in 
table 34 and figure 31 . 
In pond A, the values du r ing t he weeks zero to 8 were 
between 2. Oli. and 2.91 i. / day. The values obse rved dur ing the 
10th and 11th weeks were 1 . 62 and 1 . 89%/day respectively . 
Tn pond B, the values obtained we r e of a low range 
va rying between 0.86% of the 2nd week to 1 . 53i. in the 11th 
week . 
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Tn pond C, except during 4th week, the rest of the 
culture period showed values ranging between 1.02 and 
1. 62'7. / day . 
0 . 947. / day . 
During the 4th week, the value obse r ved was 
Tn pOlld 0, duri ng the zero week, the value observed was 
1 . 93i./day, which increased to reach the highest value of 
2 . 98i./day during the 8th week . During the subsequent we eks of 
culture/ the values go t reduced with the lowest value of 
1 . 71 i. /day recorded during the 11th week . 
The ave r age heterotrophic activity in sediment of ponds 
A, D, C and D were 2 . 29, 1.16, 1.14 and 2 .2 J%/day respect ive l y 
indicating that the values were higher in ponds applied with 
poultry dropping and pigge ry waste . 
Anova of heterotrophic activity at different ponds 
indicated signif i cant difference (P<0 . 01) . Pairwise comparison 
showed that the ponds A and D, A and C, Band 0, and C and D 
were significantly diffe r ent with respec t to hete rotrophic 
activity . Correlation co-efficient showed no significant 
relationship between heterotrophic activity of mud and growth 
of prawns . 
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3 .2 . 8 RESPIRATION RATE OF MUD 
The respiration r ate of mud in diffe rent ponds i s given 
in table 34 and figure 31. 
In pond A, the lowest value of 0 . 11 mg 02 /hr was r eco rd ed 
during the zero week. The value increased to a high of 0 . 56 
mg 02/ hr during the 4th week. Subsequently, the value 
decreased to 0.22 mg 02/hr during the 8th and 11 th week . 
In pond B also the lowest value of 0.1 6 mg 02/hr was 
noticed during the ze r o week . Aft er r eco r ding a high of 0 . 73 
mg 0Z/h r in the 4th week, the value again dec r eased to 0.33 
mg 0Z/h r in the 11th week . 
Indicating a low va lue O.Zl mg 0Z/hr during the zero week 
in pond C, the r espiration rate increased to a high of 0 . 91 
mg 02/hr in the 10th week . 
Tn pond D, also the lowest va l ue of 0.14 mg 0Z/hr was 
r eco rd ed in the ze ro week . Subsequent l y, the value increased 
to a maximum of 0 . 91 mg 02/h r in the 6th week, which decreased 
t o 0 . 20 mg 02/h r in the 11th week . Tn all po nd s"the values 
we r e higher which indica ted that manu r e appli cati on ca~ 
inc re ase the r espi r ation r a t e of mud. 
The ave r age r espi r ation rat e of mud in ponds A, B, C and 
D were 0 . 31, 0 . 33, 0 . 58 and 0 . 46 mg 02/hr respec tively. 
HETEROTROPHIC ACTIVITY OF SEDDMENT RESPIRATIO N RATE OF MUD 
\ reduction in weight/day ( mg • 02/hr / 100 ml mud) 
Treatment A B C D A B C 0 iVeeks 
0 2.26 1.06 1.22 1.93 0 . 11 0.16 0 . 21 0 . 14 
2 2. 18 0 . 86 1.02 2.07 0 . 36 0 . 35 0.50 0 . 52 
4 2.91 1.28 0 . 94 2 . 13 0.56 0.73 0 . 89 0.58 
6 2 . 01 0.88 1.03 2 .81 0 . 43 0.27 0.65 0.91 
8 2.75 1.30 1.62 2.98 0.22 0 . 24 0 . 50 0.63 
10 1.62 1.20 1.03 1.98 0.29 0 . 22 0 . 91 0.25 
11 1.89 1.53 1.11 1.71 0.22 0.33 0.37 0 . 20 N 
..... 
Vl 
Meam 2 . 29 A 1.16 B 1.14 B 2 . 23 A 0.31 A 0.33 A 0 . 58 A 0.46 A 
Correlation 
- 0.217 NS 0.823 NS 0.468 NS 0 . 374 NS - 0 . 712 NS - 0 . 597 NS 0 .126 NS - 0 . 015 NS 
r va lue 
.. Any two means having a common letter are not significantly different. S - Significant. NS - Not Significant 
Table 34 : Heterotrophic activity and Respiration rate of mud recorded in ponds applied with 
(A) poultry dropping (B) control (C) cowdung and (D) piggery waste. 
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Anova of respiration rate of mud at different ponds 
showed no significant difference (P>0 . 05) . Correlation 
analysis showed no significant r elationship between respir ation 
rate of mud and growth of prawns in all ponds . 
3.2.9 BENTHOS 
Particula rs on the wet weight of benthos collected from 
sediment at different ponds are g iven in table 35 and 
figure 32. 
Tn pond A, fertilised with poultry manure, the biomass of 
benthos during the zero week was 14 .68 mg /M 2 which after 
showing a reduction during the first week to 10.54 
increased further to a high of 24 . 34 mg /M 2 during the 3rd 
2 
mg/M 
week . 
2 The reafter the value declined reachi ng a low of 3.32 mg/t-1 
during the 6th week. During the subsequent weeks , the values 
ranged between 5.68 mg/M2 during 8th weeks to 10.64 mg/M 2 
during 7th week. 
Tn pond B, which is the control pond, the benthic biomas s 
was high during the ze ro week to 5th we ek The values r anged. 
between 15 . 80 to 17.04 mg/M2 , with the peak value of 22 . 68 
mg/M 2 recorded during the 2nd week. The concentration 
indicated a drastic r eduction to 1.30 mg /M2 duri ng the 6th week 
and continued to re ma in comparatively low within the r ange of 
2 . 63 to 8.36 mg / M2 during the rest of the culture pe r iod. 
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In pond C, fertilized with cowdung, the highe st 
concentration of 2 18.64 mg/M record ed in zero week started 
declining to 3 . 37 mg/M2 in 2nd week. During the second half of 
the experiment also, the benthic biom ass was low except du r ing 
the 7th week, when the value indicated a high of 14.04 mg / M2. 
With a sha r p decline in the benthic biomass during the 
culture perio~ pond D fertilized with piggery waste had the 
maximum value of 13 . 86 mg/M 2 during the first week . The value 
declined to 0 . 87 mg / M2 during the 11th week, towa rds the end of 
the expe r iment. It may be noticed that the benthic biomass in 
all the ponds showed a decline towards the end of culture 
period . 
The average concentration of benthos recorded in ponds 
A, B, C and D we r e 11 . 50, 10 . 40, 7.01 and 5 . 09 mg/M 2 
respectively indicating higher values in pond applied with 
poultry dropping . 
Anova of benthos concentration in differ en t ponds applied 
with organic manures showed significant difference (P <0 . 05). 
Pairwise comparison indicated significant difference only 
between A and 0 ponds. Cor r elation analysis r evea led a st rong 
negative relationship between benthos concentrat ion and g rowth 
of prawns in pond D only. 
BENTHOS wet weight (mg) / 2 m 
Treatment 
weeks A B C D 
0 14 . 68 15 . 80 18 . 64 7 . 49 
1 10.54 13 . 64 9.83 13 . 86 
2 16 . 01 22 . 68 3.37 13 . 32 
3 24 . 34 15 . 33 3 . 64 5 . 64 
4 21.03 12.67 4.05 6.05 
5 9 . 64 17.04 9.06 4.32 
6 3 . 32 1.30 5.03 4.15 
7 10 . 64 3 . 34 14.04 2.24 
8 5.68 8.36 4 . 62 1. 01 
9 5.37 5 . 35 3.89 1.04 
10 7.38 2 . 63 4 . 93 1.16 
11 9 . 39 6.68 3 . 00 0.87 
Mean 11. 50 "A 10.40 "AB 7.01 AB 5.09 B 
C orrela tion 
- 0.557 NS -0 . 638 NS 0.316 NS - 0 . 961 S 
r value 
" Any two means having a common l e tte r are no t significan tly differ ent. S - Significant . NS - Not Significant 
Ta ble 35: Benthos concentration recorded in ponds applied with 
(Al poultry dropping (B 1 control (C 1 cow dung and (D 1 piggery waste . 
3.3 GROWTH AND PRODUCTION 
Ave rage weight, growth rate per day, survival rat e and 
estimated production of prawns in ponds applied with diffe r ent 
organic manures are given in table 36 and 37 and figure 32. 
In all ponds, the average weight of pr awns at the ti me of 
stocking was 0.084 gms . It is noticable that the ave r age 
weight of prawns in all four ponds during the fourth week 
registered an increase, the values being 2.876, 4 . 007 and 4.761 
gms in ponds applied with poultry dropping , cowdung and piggery 
waste respectively . In the control pond, the average Iveight 
recorded was 1.988 gms. The growth r ates of prawns for the 
period ze ro to 4th weeks were 0.009, 0 . 140 and 0 .1 67 gms/day in 
ponds applied with poultry dropping, cowdung and piggery waste 
respectively, while in control pond it was 0 . 680 gms /d ay 
indicating that the g r owth r ate is highest in pond applied with 
piggery waste followed by the pond applied with cowdung. 
Subsequently afte r the 5th week, difference in growth at 
different ponds was discernible. Fr om table 36, it can be seen 
that while there is an inc r ease in average weight in ponds 
applied with poultry manure and control pond, a decre ase in 
average weight was obse r ved in ponds applied with cowdung and 
piggery was te. Therefore in these two ponds a negative growth 
rate (-0 .033 and - 0 . 109 gms /day) was obse rved. However, anova 
of average weight at different pond s applied with organic 
manures showed no significant difference (P<O . OS). 
AVERAGE WEIGHT (gms) GROWTH RATB gm/day 
Treatment A 8 C D Weeks A B C D Weeks 
0 0.084 0.084 0.084 0.084 o - 4 0.099 0.068 1.140 0.107 
4 2.876 1.988 4.007 4.761 4 - 6 0.133 0.214 0 . 161 0.131 
6 4.745 4.984 6.262 6. 601 6 - 8 0.056 0.127 -0.633 -0 . 109 ,,, N f· 1 N 
..... 
8 5.530 6.762 5.795 5.067 8 - 9 -0.055 -0.141 0.035 0.013 
9 5.916 5.771 6.041 5.080 
Table 36: Average weight and growth rate of prawns recorded in different ponds applied with 
(AI poultry dropping (B I control (CO cow dung and (D) piggery waste. 
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Fig. 32 
Benthos content & Average wt. of Prawns 
In ponds applied with organic manures 
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Pond 
No 
A 
B 
C 
0 
Area 
(hal 
0.04 
0.04 
0.05 
0.03 
Stocking 
dB1s i ty 
No . / ha 
50 ,000 
50 , 000 
50,000 
50,000 
Survival 
rate 
% 
91.19 
62 .46 
43.97 
77.48 
Production 
Kg/ha 
269.73 
180·23 
132.83 
196 . 78 
Table 37: Area of pond, stocking density, survival rate and production recorded in ponds 
a pplied with (A 1 poultry manure (B 1 control (C 1 cowdung and (0 1 piggery waste. 
N 
N 
W 
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Table 38: Analysis of variance of various paramete r s recorded in 
Chapter II. 
F Value 
Source D.F 5 .5. M.SS Ca lculated Tabled 
Temperature (table 22) 
Treatment 3 0.159 0 . 053 0 .035 2.82 
Err or 44 65 . 687 1.492 
To tal 47 65.846 
Salinity ( table 22) 
Treatment 3 31.92 10.64 2.130 2.82 
Error 44 219.73 4.99 
Total 47 251. 65 
Dissolved Oxygen at 00.00 hrs (table 23) 
Treatment 3 8.20 2 . 734 1.19 2 . 82 
Error 44 101.04 2 . 296 
Total 47 109.25 
Dissolved oxygen at 06.00 hrs (table 23) 
Treatment 3 5.79 1.932 1. 789 2 . 82 
Err or 44 47 . 52 1.080 
Total 47 53.32 
Dissolved oxygen at U.OO hrs (table 24) 
Treatment 3 52.00 17.336 2.386 2.82 
Error 44 319 . 69 7. 265 
Total 47 371. 70 
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F value 
Source O. F. 5 .5 . M.SS Calcula ted Ta bled 
Dissolved oxygen at 18.00 hrs (table 24) 
Trea tment 3 92 . 24 30 .74 3.796 2. 82 
Error 44 356 . 37 8 . 09 
Total 47 448.62 
pH (table 25) 
Treatment 3 0 . 278 0. 092 0.0259 2. 82 
Error 44 5. 517 0.125 
Total 47 5. 795 
Total Alkalinity (table 25) 
Treatment 3 5653 . 65 1884 . 55 0 . 641 2. 82 
Error 44 129229 . 21 2937.02 
Total 47 134882 .86 
Total hardness (table 26) 
Treatment 3 4589000 1529666 0.962 2.82 
Error 44 68528000 1557454 
Total 47 73117000 
Nitrate (table 26) 
Trea tment 3 0.0137 0.0045 2. 045 2.82 
Error 44 0 .101 0 . 0022 
Total 47 0.115 
Phosphate ( table 27) 
Treatment 3 0.524 0.175 10 . 29 4 4. 26 
Error 44 0.752 0 . 017 
Total 47 1.276 
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F Value 
Source D. F. 5 .5. M. SS Ca lculated Ta bled 
Nitrate (table 27) 
Trea tment 3 0 . 00005 0.000016 14.545 4.26 
Error 44 0 . 00005 0 . 0000011 
Total 47 
Ammonia (table 28) 
Treatment 3 0 . 027 0 . 009 1.285 2.82 
Er ror 44 0 . 315 0.007 
To ta l 47 0.342 
Primary productivity (table 28) 
Trea tment 3 15046174 501539 2.909 2 . 82 
Error 44 7585066 172387 
Total 47 9089684 
Phytoplankton (table 29) 
Tr eat ment 3 20.82 6.94 3 . 378 2 . 82 t 
Err or 44 90.45 2.05 
Total 47 111.28 
Zooplankton (table 29) 
Treatment 3 19 . 38 6.46 5.978 4 . 26 
Error 44 47.57 1.08 
Total 47 66.96 
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F Value 
Source D.F. 5.5. M.SS Calculated Tabled 
~ 
HeLerotrophic activity of water (table 30) 
Treatment 3 0 . 560 0 . 186 4 . 325 3.01 
Error 24 1.050 0.043 
Total 27 1.610 
Soil pH (table 31) 
Treatment 3 0.121 0 . 04 0.289 2.82 
Error 44 6.096 0.138 
Total 47 6 . 217 
Orsanic Carbm (table 32) 
Treatment 3 4 . 823 1. 607 2.948 3.01 
Error 24 13. 085 0 . 545 
Tota l 27 17.908 
Total nitrogen (table 32) 
Treatment 3 0·. 038 0.012 10 4.72 
Error 24 0 . 030 0.0012 
Total 27 0 . 068 
CIN Ratio (table 33) 
Treatment 3 215.54 71.847 6.264 4.72 
Error 24 275 . 26 11.469 
Total 27 490 . 80 
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F Value 
Source D. F. 5 .5. M.SS Calculated Tabled 
Total Phosphorus (table 33) 
Treatment 3 377112 125704 12 . 798 4 . 72 
Error 24 235722 9821 
Total 27 612834 
Heterotrophic activity (table 34) 
Treatment 3 8.616 2.872 20.225 4.72 
Error 24 3 .425 0.142 
Total 27 12 . 041 
Respiration rate of mud (table 34) 
Treatment 3 0.323 0.107 2 . 14 2 . 82 
Error 24 1.208 0 . 05 
Total 27 1.531 
Benthos (table 35) 
Treatment 3 316.82 105 . 607 3.206 2 . 82 
Error 44 1449 . 31 32.93 
Total 47 1766 . 13 
Average weight of prawns (table 36) 
Treatment 3 1.32 0.441 0.067 2.82 
Error 16 105 . 46 6 . 591 
Total 19 106 .78 
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The highest surviva l rate of 91.19% was recorded in pond 
A applied with poultry manu re followed by 77 .48% in t he pond 
with piggery. waste . The lowest surviv al rate of 43.97% was 
observed in the pond applied with cowdung . Co rresponding with 
the highest survival rat e, hi ghest production of 
269.73 kg/ha/68 days also was obt ained in pond applied with 
poult r y dropping . The lowest production of 132.83 kg/hal 68 
days was recorded in the pond applied with cowdung having 
lowest survival rate. The survival rate and producti on 
obtained in control pond were 62 . 46% and 180.23 kg/ha/68 da ys 
r espectively . 
4 D J S C U SST 0 N 
The use of manures in aquaculture enables the production 
of a highly valuable protein rich food from inputs of little 
nutrient value to man . Intensive manuring of ponds stimulat es 
natural food webs thereby generating considerable quantity of 
phytoplankton, zooplankton and benthos . As a result of 
sedimentation of phytoplankton and zoopla nkton, microbi al 
activity increases upon which thrives the benthic biomass. An 
increase in benthic biomass is likewise be expected to inc r ease 
shrimp production. Besides, dec ay of organic manure can 
substantially influence various hydrog r aphical parameter s 
including dissol'(&d. oxygen, pH, alkalinity and nutrients. 
Constituents of 
phosphorus are 
organic 
liberated 
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compounds such as n i trogen 
from organic mate ri al during 
and 
the 
formation of soi l organic mat t er by mic r obial activity. 
Organic fertilization is one of the most important factors 
controlli".:1 the final live weight and ultimate yield . This 
dynamic interaction tr iggered by organic fe rtili za tion on the 
brackishwa ter shrimp pond ecology is discussed here . 
Tem perature is an impo r tant parameter affecting the 
decomposition r ate of organ ic manure in the pond bottom . 
Fo rt es et a1., (1986) obse rved the tempe r ature to increase in 
the treatments that are added with organic manures regardl ess 
of their t ype. These autho r s quoting NRC (1976) State that 
soil with organic inputs behaved like o rganic matter - amended 
soil where heat was liberated increa sing temperature. Tn the 
present case also a simila r observati on was made where the 
tempera ture in all the ponds during the zero week was about 
Z9·C which increased gradually to about 32 ·C during the 8th 
week. However during the 10th and 11th weeks, the temperature 
decreased t o about 30·C to 31·C which may be due to premonsoon 
rain during the month of May in the cultur e period . As 
temperature was more or less same between the ponds treated 
with diffe rent manures, no significant va riation was obtained . 
Water temperature of 18· to 3Z ·C have been found adequate 
for successfully managed intensive manu red ponds (Schroeder, 
231 
1990}. Rajyalakshmi et a1., (1988) have 
t em perature ranging between 30·C and 33·C 
ponds manured with cowdung did not affect 
opined that water 
in brackishwater 
metabolism in the 
prawn . If the temperature falls below 28·C, the metaboli sm 
reduces and so does the active behaviou r and g rowth of prawns 
(Cruz, 1991) . The temperature range in the present 
investigation ma y thus be considered to be ideal for the 
growth of prawns. Since the temperature recorded was within 
the ideal range, correlation analysis did not show any 
significant relationship between temperature and growth of 
prawns . 
The data rega rding the salinity indicated that the 
variation in salinity in ponds applied with organic manures and 
control pond were the same as the ponds were situated in the 
same locality . The average salinit y reco rded were 18.14, 
16 . 05, 17 . 50 and 16 . 54 ppt in ponds applied with poultry 
dropping, cowdung, piggery waste and cont rol pond respectively . 
According to Chattopadhyay (1980), the rate of 
decomposition of organic manures decline wit h increase in 
water salinity. However, according to Ghosh (1975), the 
mineralisation rate of poultry dropping is more in 10 to 20 pp t 
saline water than in freshwater . On the other hand, the 
mineralisation rate of cowdung is not widely varied in 
different salinity levels . Mandal (1962) obse rved that applied 
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nitrogen remained in the available form in comparatively 
higher amount under higher salinity levels and attributed th is 
phenomenon towa rds lowe r rate of nitrification under highe r 
s al init y . Salinity is also found to influence the avail abi lit y 
of nitrogen and phosphorus in soi l . According to Ma nd al 
(1962), available nitrogen in soil dec r eases \yith increase in 
wate r salinity while Chattopadhyay and Ghosh (1 976) r epo rt ed 
tha t available phosphorus in soil decreased with increa s ing 
salinity. However, as the variati on in salinity was less 
(12 .34 to 20.84 ppt) the phenomenon men t ioned above could not 
be observed in the present study . 
Wyban et a 1.. , (1987) and Lanari e t a 1.. , (1989) r epo rt ed 
significant variation in dissolved oxygen between non manured 
and manu red ponds with poult ry d ropp i ng . On the other hand, 
Chakraborti (1984) and Chakraborti et ~., (1986 ) recorded no 
differenc e in dissolved oxygen between manured and non-
ma nured ponds . In their studies on the pr oductivi ty of Penaeus 
va nnamei in cattle ma nure enriched ecosystem in Hawaii, Lee and 
Shleser (1984) observed that addition of manure did not cause 
any depletion of dissolved oxygen. Tn the presen t study also, 
no difference in dissolved oxygen concentration was obse r ved 
between ponds applied wi th organic manu r es and control pond . 
Neve rtheless, di ssolved oxygen at 18.00 hr s was significantly 
higher in pond applied wit h pi gge r y waste compa red to the 
233 
cont r ol pond which may be on account of increas ed 
photosynthetic activi t y which enriche s the wate r with oxygen at 
18 . 00 hrs ( Boyd and Pillai, 1985) . 
Acco rding to wheeler (1967 ; 1968 a), Rickards, (1974) and 
Hanson and Goodwin (1977), or gani c manu ring can lead to seve r e 
oxygen deple tion especially at night . La r ge scale mortal ity 
has f r equently been a ttri but ed to oxygen deple tion in penaeid 
sh ri mp ponds (~Jheele r, 1969; Lat apie et !.l . , 1972; Liao and 
Huang, 1972; Shigueno, 1975 ) . It is believed that shrimps a r e 
under stress when dissolved oxyge n falls below 2 ppm (Wickens, 
19 76 ) . Although expe ri mentally determined lethal dissolved 
oxygen levels for penaeids has often been less than 1 ppm 
(Egusa, 1961 ; Tournier, 1972; Liao and Huang, 1975), several 
wo rke r s have emphasized the import ance of main t aining dissolved 
oxygen levels above 2 ppm to avoid mo rt ali t y (Hackay, 1974; 
Krame r , 1975; Wickens 1976). 
Ga rson et !.l . , (1986) have r eported freq uent reduction of 
dissolved oxygen below 2 ppm in pond s applied with poultry 
dropp ing which r esulted in a high mo rt ality of 737. . Tn the 
pr esent study, dissolved oxyge n level of less than 2 ppm during 
ea rl y mo r ni ng was observed thrice in pond applied with cowdung, 
p r obably caused by the decomposition of ca ttle manure 
(Sch r oeder, 1974; Collis and Smitherman, 1978) . The least 
su r vival ra te of 43 . 977. in this pond may thus be att ri buted to 
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the low dissolved oxygen content during the morning hours. 
However, in the case of poultry manure, dissolved oxygen of 
less than 2 ppm was not observed parallel with the maximum 
survival of 91.19%. Chakraborti (1984) also reported that the 
dissolved oxygen concentration in pond water enriched with 
poultry dropping rem ained at a favourable level . 
Tn the present case, the observed low dissolved oxygen 
content especially during second half of the culture period in 
pond applied with cowdung in the early morning hours may be 
because of high consumption rate of dissolved oxygen for the 
respiration of plankt on and prawns and for the decomposition of 
o r ganic matte r coupled with absence of photosynthesis resulting 
in reduced production of oxygen as a byproduct (Boyd, 1982). 
The high average concentration of 8 . 25 to 11.03 and 9 . 67 to 
13 .17 ppm during 12 . 00 and 18.00 hrs respectively may be on 
account of photosynthesis which reaches its peak during 
afternoon hours. 
Supersaturation of oxyge n can be detrimental to the 
g r owth and survival of shrimps . According to Brisson (1985) 
dissolved oxygen levels even 9.5 ppm in water can cause 
convulsions due to air bubbles within body cavities and fluids 
in the prawns . A 100% mo rtality of adult Penaeus brasiliensis 
and ~ paulensis as a r esult of gas bubble disease caused by 
the supe rsaturation of dissolved oxygen was repo rt ed by the 
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author . Lee and Shleser (1984) and \.Jyban et .!!.l., (1987) 
obtained dissolved oxygen values as high as 20 ppm un like in 
the present experiment where the maximum recorded oxygen value 
was 17.63 ppm. The high survival and growth rate obtained by 
Lee and Shleser (1984) and Wyban et .!!.l., (1987) and in the 
present case also show that supersaturation of dissolved 
oxygen is not detri mental to the growth and survival of prawns. 
This is further substantiated by the statement of Courtney 
(1989) that oxygen supersaturation is unlikely to be a problem 
in shrimp ponds during grow out phase. 
According to Sana res et al . , (1986), the pH flu ctuates 
with photosynthetic activity and respiration from a low at dawn 
to a high at midafternoon in fertilised ponds. Lanari et .!!.l., 
(1989) recorded more pH in ponds enriched with poultry dropping 
and attributed the reason to the i ncreased photosynthesis. On 
the other hand, Chakraborti (1984), Chakraborti et al., (1986) 
and Chattopadhyay and Mandal (1982) reported no difference in 
pH between fertilised and unferti l ised ponds, probably adjusted 
by the buffering capacity of brackishwater. Tn the present 
case also in different ponds, pH was not found varying in 
response to organic manuring and the pH recorded was in the 
range of 7.77 to 8 . 83 in pond A applied with poultry dropping, 
7.39 to 8 . 86 in pond C applied with cowdung . 7 . 92 to 8 . 71 in 
pond D applied with piggery waste and 7 . 63 to 8.92 in control 
pond without manur e . 
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Gradual reduction in pH toward s the end of the culture 
period was reported by Chen et a1., (1989) and Chen and Wang 
(1990) . In the present study also such a reduction in pH was 
noted during the last days of culture In all ponds applied with 
organic manures. This may be because of the decomposition of 
organic ma tter and detritus, producing carbon dioxide as a 
byproduct which can reduce the pH and also because of the 
increased release of carbon dioxide through the respiration of 
the growing prawns during the culture period. 
pH is an important parameter which affects metaboljsm and 
other physiological processes of prawns and i n culture ponds a 
pH range of 6.8 and 8.7 should be mai ntained for the good 
growth and production of prawns (Cruz , 1991). According to 
Muthu (1980) , alkaline water with pH ranging from 7.S to 8.S is 
condusive for the culture of pr awns. Therefore, a devia t ion 
from the optimum pH can adversely affect the growth of prawns. 
Tn the present study, no significant relationship was obtained 
between pH and growth of prawns since the recorded pH was 
within the optimum range. 
According to Chakraborti et al ., (1986) there is no 
difference in total alkalinity between manured and nonm anu red 
ponds. The filJdings in the present ex periment with organic 
manures where no significant difference in alkalinity was 
obtained between manured and nonmanur ed ponds are in agreement 
with the above observation. This may again be due to the 
buffering action of brackishwater unlike the freshwater ponds 
where organic manuring can influence the alkalinity to a g reat 
extent. 
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Thomasto n and Zeller (1 961) ha ve opined that for best 
response to fertilization, alkalinity should be always above 20 
ppm . Since the values recorded in the present case were always 
above 20 ppm, it can be conside r ed as condusive for the 
response of fertilization. 
The gene ra l decrease in alkalinity during the last week 
in all ponds in the pr esen t case may be due to monsoon shower 
during the month of May, an observation which is also made by 
Gopinathan et a1., (1982) and Chakraborti et ~., (1985) . 
According to Boyd and Pillai (1985) the desirable levels 
of total alkalinity varies between 20 and 300 ppm . Since the 
ave r age values of 142.15 to 172 . 17 ppm noticed in the present 
experiment are well within this r ange, no significant influence 
of alkalinity on growth of prawns was noticed . 
Organic manures fa vour a gradual rele ase of nutrient s 
into the water body which in turn stimulates primary 
productivity . Accordi.ng to Schroeder et ~. , (1990), organi.c 
manuring (poult ry dropping) at a rate of 50 kg/ha/day provided 
an average of 3 g carbon and 0. 3 g nitrogen and approximately 
2 0 . 3 gm of phosphorus/M /day. These authors have also found that 
24 hr net primary p roductivity added , an average of 4 algal car-
bon per M2 which accounted for 907. of the yield in organically ma-
nured ponds . The lack of phosphorus and nitrogen limits phytoplankton 
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production in pond (Boyd, 1986) and in brackishwater ponds 
nitrogen and phosphorus are obse r ved to be far below the 
concentration needed for optimum growth of plankton . These 
nutrients are either present in lower quantities or the added 
quantity is lost through leaching and precipitation and hence 
rendered unavailable . Pr olonged maintainence of these 
nutrients fo r the optimum growth of plankton therefore depends 
on the rational use of organic manur es . 
Chakr abo r ti et a1., (1985), Fortes et~, (1986), Lanari 
et a1., (1987) and Lumare et a1., (1987) recorded average 
nitrate concentration of 0 . 23 to 1 . 05, 0 . 3 to 0 . 66, 0 to 0.50 
and 0 . 03 to 0 . 38 ppm in shrimp ponds applied with poult ry 
dropping at a rate of 500, 2000, 1500 and 500 Kg per ha 
respectively. The nitrate concentration recorded in the 
p r esent study was 0.06 to 0 . 22 ppm in pond applied with poultry 
dropping at a rate of 670 . 52 Kg per ha . The high nitrate 
concentration recorded by Fo r tes et al., (1986) and Lanari et 
- -
~ . , (1987) may be due to the increased rate of application of 
poultry manrue, which is highly fertile . Chakraborti et ~., 
(1985) and Lumare et al., (1987) have reported a higher nitrate 
concentra t ion of 0.23 to 1.05 and 0 . 03 to 0.39 ppm in ponds 
applied with poultry dropping at the rate of 500 Kg/ha, 
compared to the present study where the nitrate concentration 
recorded was 0 . 00 to 0 . 22 ppm when applied with 670 . 52 Kg 
poultry dropping per ha. This may be due to the influence of other 
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factors like releas e of nitrogen from soil, utilizati on by 
phytoplankton and bacteria and various chemical processes like 
nitrification, denitrification and ammonif ication . 
As in co mme rcial ponds a t Poyya and Chellanam, the 
nitrate in different ponds in the present case exhibited wi der 
flunctations and the reason may be attributed to the biological 
utilization and nutrient regene r ation (Upadhayay, 1988) . 
Further according to Sch r oede r (1987), the rate at which 
nitrogen was re moved fr om the water column was almost 4 ti mes 
the r ate at which i t was add ed by manu r es and ferti lize r s . 
Tn the present study , the nitrate concen tration does not 
va ry muc h among different ponds applied with organic manures 
(table 26 and fi gure 24), event hough the quant ity of nitrogen 
provided was different to the order of 25.07 Kg , 42.00 Kg and 
25.27 Kg per hectare in ponds applied with poultry dropping, 
cowdung and pigge r y waste re spectively. Alt hough very high 
quantity of 42.00 Kg nitrogen was pr ovided , the lowest survival 
rate (43 .97%) and the lowest production (132.83 Kg/ha/68 days ) 
were recorded in pond app lied with cOlvdung . This ind icates 
that the quantit y of nitrogen (42 Kg) supplied to this pond was a 
little high and a quantity of a r ound 25 Kg nitrogen per hect a r e 
supplied t o the ponds applied with poult ry dropping and pigge r y 
was t e may be optimum, s ince high survival r a tes of 91.19 and 
77 . 48% and high production of 269 . 73 and 196.78 Kg /ha/68 days 
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were recorded in these ponds applied with poultry dropping and 
piggery waste respect ively . 
Phosphorus is called as "Key to Life" because it is 
directly involved in most life processes and ranks next to 
nitrogen in importance (Hicking, 197 1) . 
In ponds applied with poultry dropping, Chakraborti 
(1984), Fortes et a1., (1986) , Lanari et a1., (1987 & 1989), 
Luma re et ~. , (1989) reported high phosphate concentration 
compared to the control pond without manur e. However , the 
phosphate concentration in pond applied with poult r y dropping 
in the present experiment was not significantly different from 
that of the control pond . This may be on account of the 
increased utilization of phosphate by the high phytoplankton 
content in pond applied with poultry dropping as is also 
reflected by the comparatively high productivity values 
r ecorded in this pond . However the phosphate concentrat ion in 
the pond applied with cowdung was sign ificantly highe r from 
that in ponds applied with poultry dropping, piggery wa s te and 
control pond. The comparatively high . concent r ation in pond 
applied with cowdung may be due t o its non utilization which is 
r eflected by the low productivity and phytoplankton 
concentration observed in this pond. In pond applied with 
cowdung, the phosphorus content in sedimen t was also found to 
be high and it may be because of the stora ge of phosphate in 
the sediment . 
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Subosa and Bautista (1991) quoting Hepher (1963) state 
that even with intensive fertilization, the nutrient 
concentration rar ely exceeds 0.5 
disappears fastly. According to 
concentration of 0 . 2 ppm phosphate 
ppm for phosphate which 
Eren et .!!.., (1977) a 
is considered to be the 
minimum concent ration requi red for high aquatic productivity. 
In the present case/ the phosphate concentration in all the 
ponds was . ~ore th a n 0 . 2 ppm, thus re main ing above the minimum 
concentration. It is reported that among the various organic 
ma nures (Ghosh, 1975) poultry dropping mi nerali ses faster than 
cowdung . 
found in 
However in the present case, hi ghe r phosphorus is 
pond applied with cowdung tha n in the pond with 
poultry dropping . Pa rallel to this, it may be observed that 
the phytoplankton concentration is at a low level in pond with 
cowdung than in pond with poultry dropping . Therefore it may 
be concluded that in ponds applied with cowdung, the phosphorus 
re l eased through mineralisation is not found utili zed by 
phytoplankton . 
The nitrite concentration recorded in the present study 
was 0 . 002, 0 .002, 0.003 and 0.002 ppm in ponds applied with 
poultry dropping, cowdung and piggery waste a nd in control pond 
respectively. Subosa and Bautis t a (1991) appl ied 2 tons of 
poultry dropping in brackishwater pond s and r e ported a nitrite 
concentration of 0 . 0028 to 0.0024 ppm which is in conformity 
wit h the concentration of 0 . 001 to 0 . 003 ppm recorded in the 
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present study with poult ry manure. On the other hand, Fortes 
~ ~., (1986) reported a comparatively hi gh concentration of 
0 . 01 7 to 0.023 ppm in brackishwater ponds applied with 2 tons 
of poultry manure and the high concentration may be due to the 
increased rate of poultry manure . Though applied poult r y 
dropping at a lower rate of 500 t o 600 kg/ha which is a 
comparable rate with the present study, Luma re et a1., (1987 & 
1989) recorded a higher concentration of 0 . 001 to 0.210 ppm in 
comparison to the concentration obtained in the present study. 
Tn addition to the various ecological parameters, wa t e r 
exchange and metabolism of p rawn can affect nitrite 
concentration. Tn the present study, the high concentration 
during beginning may be due to the manu ring and the low during 
mi d period may be due to utilization by phyt oplankter s and 
again the high concentration du ring the end may be due to the 
excretion by test animals . 
The nitrite concentration of 0.001 t o 0 .007 ppm in the 
present experiment is well above the safe)' 1 imit of 0.1 80 ppm 
(Jayasankar and Muthu, 1983) and 1.28 ppm (Law , 1988) . It may 
also be pOinted out that the comparatively low concentration of 
0 . 001 to 0.002 ppm nitrite during the mid culture period may be 
due to the utilisation of nitrite by phytoplankton (M aguive, 
1980; Tsa i, 1989) . 
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The reported sta t ement by Chien (1992) that high nitrit e 
concentration occurs only when e ithe r ammonia or nitrat e 
concentrations are high, which are seldom the case in pond 
systems, seems to be true i n the present study where nitrit e 
concentration record ed was low, paralle l wit h low values of 
ammonia and nitrat e . 
Ammonia is the majo r nitrogenous wa st e product exc ret ed 
by aquatic crustaceans (Pa rry, 1960) . Un ionized form of 
ammonia is highly toxic to ma ny aquati c organisms (EPA, 1983) . 
Hi gh concentration of ammonia ha s a de tr imental effect on 
cultured crustaceans (Chen et al. , 1986 and Nevel and Cham r oux, 
1981) and can limit production in intensive c rustacean 
aquaculture (Delistraty et al., 197 7) . Accord i ng to Shilo and 
Rimon (1982), the pr oduction of ammonia due to the 
decomposition of organic ma tter is a cons traint in the 
application of organic manu r e . 
Compa r ed t o the ammoni a concentration of 0.14 ppm in the 
pond applied wi th poult ry dropping in the present case, Luma r e 
et ~ . , (1987 & 1989) and Chen and Wang (1990) report ed higher 
ammonia concentrat ion of 0 . 02 to 6, 0 . 055 to 1.497 and 0 t o 
0 . 445 ppm in ponds appl i ed with poultry manu r e . On the other 
hand,· Fortes et ~ . , (1986) and Subosa and Bautista (1991) 
r eported less concentration of 0 . 043 to 0 . 076 and 0 . 00001 to 
0 . 0078 ppm in br ackishwate r pond s applied with poultry 
dropping . 
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Tn the present study, the average concentration of 
ammonia recorded in ponds applied with poultry manure, cowdung , 
piggery waste and cont r ol pond was 0 . 14, 0.13, 0 . 09 and 0 . 09 
ppm respectively, thus registering the highest concentration in 
pond applied with poultry manure . Since the highest survival 
rate of 91.19% was r eco r ded in this pond, the increa sed ammonia 
concentration may be due to the excretion by the more number of 
prawns. 
According t o Lumare et ~ . , (1989) ammonia concentration 
increased immediately afte r manure application and declined 
within a few days. The same pattern was also observed in the 
present study where in the ponds applied with or ganic manures 
high concentration of ammonia was noticed during the first two 
weeks probably released from the r espective manu res used and 
subsequently phytoplankton utilise ammonia as a nutrient source 
and reduces the ammon ia concentration (Tsai, 1989) . The high 
ammonia content towards the end of the culture period may be 
due to the excretion by animals. 
Ca rpenter et 2.!. . , (1986) report ed that ammonia nitrogen 
is r eadily metabolised in brackishwater pond and that it rarely 
attained high concentration. This statement appears to be true 
in the present case where the concentration of total ammonia 
increased to a limited extent only. However, the variation in 
ammonia may be due to the influence of facto rs like rate of 
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manuring, stocking density and environmental parameters like 
dissolved oxygen, pH, temperature, nitrate and nitrite . 
Tn most sh r imp farming studies, combi ned use of organic 
and chemical fertilizers is reported to influence primary and 
secondary productivity (Schroeder, 1987; Lee and Shleser, 
1984) . Mandal (1980) and Chattopadhyay and Mandai (1982) have 
suggested that fe r tilization of brackishwater ponds by 
inorganic and organic fertilize r s help in the g rowth of biotic 
communities and subsequent high production of prawns. 
Chakraborti (1984) has observed that production of plankton in 
treated pond was more than that of the control pond and 
attributed the r eason to increased avai labi lity of different 
nut rient elements owing to the app lica tion of ferti lize rand 
ma nure. Chakraborti et a1. , (1986 ) repo r ted a l owe r 
productivity of 83 to 136 mgC/M 3/hr in unfertilized ponds when 
compared to the higher productivity of 107 to 355 mgC/M 3/hr in 
ponds fertilized with 1000 Kg . of poultry dropping. The higher 
average primary productivity values of 793 . 22, 917.23 and 
993.21 mgC/M 3/h r recorded in the pres ent case in ponds treated 
with cowdung, poultry and piggery waste respec tively when 
compared with the lower primary productivity value of 527.05 
mgC/M3/hr of the control pond, thus substantiat"e the 
utilization of nutrients released from manu r e for increased 
primary productivity. Nevertheless, Fortes et al . , (1986) and 
Wyban et al., (1987) in their experiments with pou1try dropping 
--
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and cattle manure re spectively, obs erved no apparent 
relationship between nutrient content and primary productivit y . 
An evaluation of the prim a ry productivity in the 3 treatments 
during the present study shows that pi gge ry waste indicated the 
maxi mum primary productivity value of 993.21 mgC/M3/hr . 
The Superior quality of poul try d ropping as an organic 
ma nure has been well studied. Lanari e t ~., (1987) have 
emphas ized the positive r ole of poultry ma nur e in activating 
natural t r ophic chain. Poultry manure is considered to be very 
fertile because of the highe r nitrogen and phosphorus contents, 
biological oxygen dem and and also because of the presence of 
some directly digestible pro.tein and ca rbohyd rate (Schroeder, 
1990) . According t o t hi s author, nitrogen is a key factor in 
the growth of phytoplankt on and bac ter ia and since biological 
oxygen demand is a meas ure of the r ate of conve rsion of c rud e 
or ganic matte r into mic r obial cel l s, poul try ma nure may be a 
betxer manure for aquaculture . Tn the p r esent study also, the 
pond treated with poultry manure, with the maximum ave ra ge 
nitrate nitrogen of 0.14 ppm and ammonia nitroge n of 0.14 ppm 
indicated higher primary productivity of 917 . 23 mgC/M 3/hr. 
Among the pond s treated with the three different organic 
ma nures in the study under rev i ew , the one wi th cowdung 
indicated compara tive l y low ave r age pri ma r y productivi ty of 
793 . 22 mgC/M3/hr . The r eason for thi s may be attributed to the 
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low decomposition rate, since cowdung contains more fibre 
content . Garson et al., (1986) have repor.lled 28 . 09% of crude 
fibre in cowdung in comparison with 18.10% in chicken manure. 
According to I Schroeder (1990) cowdung 
concentration of nitrogen and little, if 
digestible protein and carbohydra~s. 
contains low 
any, direc tly 
Slow dissolution of fertilizer g ranules and steady 
mineralisation have positive influence on the pond ecology. 
According to Lanari et al., (1987), slow dissolution of 
gr anules sustaining a greater zooplankton biomass can allow a 
more continuous energy flow .l::ihrough the trophic chain, 
increasing the numbe r and amount of a variable food for 
shrimp. Tn all the ponds except t he one applied with cowdung 
in the present study, primary productivity was high because of 
slow but increased r a te of mineralisation . Tn the pond 
applied with cowdung,the productivity was low proba bly because 
of the higher fibre content and the resultant low rate of 
decomposition and mineralisation. 
Phytoplankton is beneficial to prawn culture in many ways 
(Anon, 1993) . They are, 
1. Stabilizes the water quality, through abso rpt ion of 
inorganic mineral and other mechanism; 
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2. ProvidE$nutrition resource in direct for m or indirect form 
and reduce the feeding quantity. 
3 . IncreaseS the thermal capacity of the wa ter. 
temperature fl~ctuate less . 
The pond 
4. Provides oxygen by photosynthesis during the day, a lthough 
it consumes so me oxygen during night ti me . 
5. Environmental ind icato r on the pr oce ss of mineralisation 
and eut ropic ation. 
6. Stabiliz~ the pond envi r onment t ha t can affect the pr awn 
behaviour . 
7. ReduceSthe toxic ef fec t of ammonia, hydrogen sulphide and 
othe r toxins. 
8 . Tnhibitlll the development of benthic algae and filamentous 
a l gae . 
9. CompeteS with 
possibility and 
disease. 
bacteria and 
frequency on 
this 
the 
may decrease 
occurence of 
the 
the 
Fertilization in shrimp culture ponds causes a good 
sou rce of phytoplankt on which is made possible by the r elease 
of nutrients like nitrogen and phosphorus from the fertilizers. 
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Wahby (19 74) states that the concentration of water nutrient s 
in fertilized pond was lower than expected indicating fast 
absorption by phytoplankton . Rappaport et a 1. , (1977), 
Chattopadhyay and t1andal (1982) and Chakraborti (1984) have 
observed higher content of phytoplankton in o r ganically manured 
ponds. Tn the present study, the phytoplankton content s of 
5.09, 4 . 58 and 4 . 03 ml/M3 in ponds applied with poultry 
dropping~, cowdung and piggery waste were significantly h i~ her 
than that of 3 . 32 ml/M3 recorded in cont rol pond. This is 
corroborated with the higher concentration of nitrate and 
phosphate in treated ponds with the low concentration in the 
control pond (table 26, 27 and figure 24, 25). 
Prawns do not feed directly on Phytoplankton (C ruz , 
1991). They feed on the small animals and zooplankton that eat 
phytoplankton or on bacteria that grow on t he dead 
phytoplankton which accumulate in the bottom . Neve rtheless, 
the growth of shrimp is better in ponds in which diatom is the 
common algae and poor when phytoflagellate predominate. 
It has been observed in the present study, that in the control 
pond and the pond with cowdung, Ente r omorpha a filamentou s 
algae developed initially followed by another filamentous algae 
Chaetomorpha. An evaluation of growth and su rvival in these 
ponds showed lower values, which may be due to the entangling 
of prawns in fi lamentous algae resulting in mortality. 
According to Tseng and Cheng (1981) fertilizers high in 
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nitrates or having high nitrogen to phosphorus ratios tend to 
promote filamentous algae. Cowdung is a manure with high N/P 
ratio (1.81) as observed in the present study and this may be a 
reason for the growth of filamentous algae. 
Lumare et !l., (1989) state that fertilizers increase 
the natural productivity of a pond by increasing the 
phytoplankton production which in turn promotes zooplankt on and 
then the macrobenthic organisms that enter to the natural 
feeding of prawns . According to Nayak and Mandal (1990) 
organic manu r es are efficient in enhancing production of 
zooplankton. The significantly high zooplankton content of 
2.30 and 2.96 ml/M3 recorded i'n ponds applied with piggery 
waste and poultry dropping respectively may be on account of 
high primary productivity and phytoplankton . Co rrespondingly, 
the low zooplankton content in contro l pond may be due to low 
primary productivity, phytoplankton and organic carbon content 
thereby showing that organic manuring has positive influence on 
zooplankton production. 
Zooplankton contributes to the detritus pool by producing 
faeces, exuviae and corpses. Upto 200 fecal pellets/copepod/ 
day can be produced during phytoplankton blooms (Honjo and 
Roman, 1978). Faeces also serves to transform phytoplankton 
into detritus (Smetacek, 1980). Since the phytoplankton is not 
di rec t 1y consumed by sh rimps, a time 1 ag between the end of 
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pla nkt on bl oom and measu red incre ase in shrimp growth is 
expected. This st atemen t is c learly subst an tiated in the 
present observa tion , where in the pond t r ea ted with poul try, 
when there 1s a highe r phyt op lankton pr oduc t ion of 5 . 02 ml / M3 
in the 2nd week of culture, shrimp r eached an ave ra ge wei gh t of 
2.876 g. in the 4th week fro m 0.084 g of zero week. Likewi se 
in the pond treated with cowdung, the phytoplankton peak of 
J 6.71 ml /M recorded during the 5th week was r eflected in the 
maximum growth of 6.262 g in the 6th week of culture . Tn the 
treatment with piggery wa ste a l so, a ti me lag fro m peak 
plankton production in the 5th week (5 . 40 ml /M3 ) to maximum 
average weight of 6 . 601 g in the 6th week was noti cable . 
Evidently in the control pond, which r eceived no fertilizer, no 
significant relationship between phytoplankton producti on and 
shrimp growth was noticed except for the maximum phytoplankton 
production of . 3 5.41 ml/M during the 9th week . 
Fe r tilization of marine shrimp ponds with cattle manure 
stimulates a food web which allows outs t anding growth rates 
(Wyban et al., 1987) . According to Cha ttopadhyay and 11andal 
(1 982) phytoplankton and zooplankt on p r oduced i n ponds treated 
with cowdung appear to influence the disso lved oxygen content 
of the water, while Hickling (19 71) op ined that cowdung 
enhances production of zooplankt on . Rappaport et ~., (19 77 ) 
observed higher content of phytopl ankton in organically 
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manured ponds. In t he present study zooplankton content was 
found to be low in cowdung treatment with corresponding 
increase in phytoplankton concentration . This may be due to 
the increased microbial activity enabling rapid release of 
nutrients (Nayak and Mandai, 1990) . Further, the comparatively 
high zooplankton concentration recorded in the second half of 
the culture period may be because of the effect of application 
of manure during the subsequent months of April and May and 
also due to the reduced gr azing rate of zooplankton by the 
prawns as its feeding habit changes from zooplankton during 
juvenile period to om nivores during adult phase. 
Measu rement of heterotrophic activity in 
indirect method of determining the mic robial 
water. Shigueno (1975) demonstrated that the 
water is an 
activity in 
total oxygen 
consumption of prawns in ponds is very much lowe r than that for 
the rest of the biota like phytop l ankton, zooplankton, benthos, 
bacteria and sediment . Schroeder et ~., (1 990) reported a 
heterot rophic act i vity of 3 . 67., and 3 . 9% in freshwater ponds 
applied with inorganic fertilizers and also with poultry manure 
and the values were not significantly different from each 
other . In the present study also, the average heterotrophic 
activity of 0 . 36% in the pond applied with poultry manure was 
not significantly different from the heterotrophic activity of 
0 . 41% per day in control pond. However, het e r ot r ophic activity 
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of 0 .71% per day in pond applied with piggery waste was 
significantly different from that in the pond applied with 
poultry dropping . The high heterotrophic ac tivity in pond 
applied with piggery waste indicates increased microbi al 
activity. 
Heterotrophic activity is report ed to decrease with time 
(Milstein et ~ . , 1991). According to this author, the 
heterotrophic digestion in water was upto 1% per day during the 
first month, about 2% per day afterwa rds and declining 
thereafter towards the end of the cultu r e period. Tn the 
present case also, a general increase in ponds treated with pig 
dung (0 .3 3 to 1.13%) cowdung (0 . 52 to 0 . 84%) and poultry manure 
(0 . 31 to 0 . 59%) was discernible by the 4 to 8th week of 
culture, declining thereafter in all the t r eatment. 
While autotrophic activi~y increased the pH through 
absorption of carbondioxide, heterotrophic activity decreased 
pH through respiration (Milstein et al., 1991). Wohlfarth and 
- -
Hulata (1987) state that the proces s of manure decomposition 
and utilization of its "degradation products are influenced by 
factors such as temperature, nutri ent, solar radiation and 
dissolved oxygen. 
with pH in the 
A comparison of th e heterotrophic activity 
treatments under review shows that the 
heterotrophic values in all the treatments inc reased till 6th 
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to 8th week with a corresponding decline in pH during the 5th 
to 7th weeks of culture . 
Soil quality seems t o play an i mpo rtant role in relation 
to the effect of or gan ic fert i liza tion . Manure loading appears 
to affect sediment mo re than the water body . Fertilization of 
the soil depends on the availability of soluble forms of 
nutrients such as nitrogen, phosphorus, organic carbon and 
trace elements. Organic ma tter of the ma nure provides a source 
of reduced carbon for heterotrophic grazi ng while the mineral 
fractio n of the manure is used bot h by auto trophs and microbi al 
he t ero trophs (Werne r and Hall, 1976 ) . 
Application of organic manu r es is reported to c ause a 
dec re ase in the soil pH of the treat ed pond especially during 
the initial period of study (Chattopadhyay and MandaI, 1982) . 
Acco rding to Fortes et 21., (1986), the dry pH of the soil 
decreased as the percentage of organic matte r increased. A 
compa rison of the soil pH values in the po nds under study, also 
showed that irrespective of the treetments, there i s a 
significant decrease from 7 . 71 to 6. 99 in the treatment with 
poultry dropping, f r om 8.25 to 6 . 86 in treatment with cowdung, 
f r om 7 . 73 to 7 . 01 in treatment with piggery waste and from 7.78 
7 . 24 in the control pond . It is possible that the increase in 
aCidi t y of the sed iment has rS:sulted when the organic mat t e r 
decomposed under an~ae robic condition releasing organic acids 
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(Chattopadhyay and Mandai, 1982; Wat anabe, 1984) . Further, it 
may also be noticed that in the pond t r eated with cowdung, the 
reduction in pH was of an increased rate (8.25 to 6.86 ) which 
may obviously be on account of the increased rate of 
decomposition of organic matter . 
Chakraborti (1984) reported a soil pH r ange of 7.8 to 8 . 2 
and 7 . 9 to 8 . 2 in ponds treated with poultry dropping along 
with inorganic fertilize rs and in the control pond 
respectively . According to Chat t opadhyay and Manda l ( 1982) , 
the soil pH value was within a nar r ow range of 7.9 to 8 . 2 and 
8 .1 to 8.2 in the treated (cowdung) and control ponds 
respectively . Subosa and Bautist a (1991) reported a low s oil 
pH range of 6.3 to 7.2, while Subosa (1992) states that the 
soil pH increased to slightly alkaline levels i n treatment with 
chicken manure. According to Boyd (1992), the favourable pH 
r ange fo r the decomposition of soil o r ganic matte r was between 
7 . 5 to 8 . 5. Since the ave r age soil pH in the present study 
ranged between 7.44 to 7 . 58, it may safely be concluded that 
the soil pH in the present experiment is nearly op timum fo r the 
decomposition of organic manures . 
In spite of the fact tha t the s oil pH indica ted a decline 
with added organic matter, no marked variation was observed in 
the pH value of the soil be t ween the treated and the control 
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pond (Chakraborti, 1984; Subosa and Bautista, 1991) . Tn the 
present study also, no significant difference was noticed in 
the soil pH between the ponds applied with manures and the 
control pond and the reason for this may be attributed to the 
buffering capac i ty of brackishwater s ystem . 
Brackishwater po nd soils are known to be poor in organic 
carbon content . Chattopadhyay a1ld Nandal (198 2) have recorded 
low organic carbon in the soil of brackishwater ponds in west 
Bengal . Rajyalakshmi et !l., (1988) studying the physico-
chemical characters of brackishwater ponds off Chilka area also 
observed low organic carbon content between 0 . 297 and 0 .404% . 
Chakr aborti et !l. , 1985 reported that in Kakdwip farms at West 
Bengal inspite of manuring the ponds with poultry manure and 
feeding with pellets, the organic c a rbon content did not exceed 
1 . 45% . In the present study, the average organic carbon 
content in ponds treated with poultry dropping, cowdung and 
piggery waste were 1 . 92, 2.62 and 1 . 01% res pect ively, while in 
the control pond, the value was 1.02%, thereby indicating that 
enriching brackishwater ponds with organic manure can enhance 
the fertility of the soil . 
A comparison of the o r ganic carbon content in different 
treatments in the present study shows that treatment with 
cowdung had the highest concentration (2 . 62%) followed by 
poultry dropping (1.927.) and piggery waste (1.01%) . This is 
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quite reasonable since among all the. manures used, cowdung has 
the highest organic matter content of 49.98%, whi le in pigdung 
the organic matter content is 19.3 3% (table 21). 
Gately (1990) showed that the. o r ganic ca rbon of 1.537. 
during initial period of culture increased to 2 . 49% during last 
weeks. A similar increase in o r ganic ca rbon con t ent was also 
reported in the present study with piggery waste where organic 
carbon content increased from 0 .50 to 1 . 41% during last days . 
This may be due to the set ~ling of the r emains of 
phytoplankton, zooplankton and other aqua tic organisms and 
shrimp faeces which increases the organic carbon content (Boyd, 
1992) . On the other hand, Subosa and Bautista (1991) observed 
a reduction in organic carbon conten·t from 3.63 t o 4.26 during 
initial weeks to 2 . 32 to 3 .957. during last weeks. Such a 
reduction was also noticed in the present study with poultry 
dropping and cowdung where the organic carbon content of 2 . 38 
and 3.32% during zero week was reduced to 1.19 and 1.81% during 
rIth week respectively. This decre ase in or ganic carbon 
content may be due to the increased mineralisat ion of poultry 
dropping and cowdung . 
Chakraborti et a1., (198 5) observed that ponds having 
1 . 02 to 1.45% organic carbon can give better production of 
prawns, which seems to be re levant in the present context also 
where higher production of 269 . 73 and 196 .78 kg/ha/68 days were 
258 
obtained i n ponds applied with poultry dropping and piggery 
waste when o r ganic carbon content was 1.92 and 1.01% 
. 
respectively . On the othe r hand lower production of 132 . 83 
Kg /ha/68 days was obtained in pond applied wit h cowdung having 
higher organic carbon content of 2 . 62%. 
Pillai et al., (1962) reported that the productivity of 
brackishwater ponds was directly r ela ted with nitrogen and 
phosphorus content of bottom soil. Acco rding to Baticados et 
al., (1 986) the total nitrogen in shrimp ponds in philippines 
varied between 0.047. and 0 . 36% with a mea n value of 0 . 19% . On 
the other hand, Ghosh (1975) r eported total nitrogen value of 
0 . 069% in the brackishwate r fish farm at Kakdwip . Tn the 
present study also, the average tot al nitrogen values of 0.09 
to 0 . 18% a re comparable with that mentioned above. On the 
other hand, Subosa and Bautista (1991) repor ted an increased 
total nitrogen content of 0.33 to 0 . 43% in ponds applied with 
poultry manure . 
Rajyalakshmi e t ~ . , (1988) r eco rd ed the available 
ni t rogen content in soils of brackishwate r ponds nea r Chi lka 
lake as 0 .1 2 to 0 . 20% which according to her indicat~nutrient 
limitation. However, Chakraborti et ~., (1985) opined th at 
available nitrogen concentration of 0.012 to 0 . 016% is 
condusive fo r the g rowth of prawns . Event hough not determined 
in the present study~ the available n i trogen mus t be well above 
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0.012 to 0 . 016% required for the g rowth of prawns as the tot al 
nitrogen content 
hi gh to provide 
above said range . 
of 0 . 09 to 0 .18i. r eco rded was sufficiently 
an available nitrogen concent r ation of the 
The high total nitrogen content of 0.18% recorded in pond 
applied with cowdung in the present study may be due to less 
mine ralisation rate. Ghosh (1975 ) r eported that in 
brackishwater ponds the mineralisation rate of cowdung is less 
co mpa red to poultry dropping. The least to t al nitrogen content 
in ponds applied with piggery waste may be due to the increased 
mineralisation rate, which may be a reason fo r . the increased 
growth rate in this pond . Tn control pond also where no 
o r ganic manu re was applied, the tot al nitrogen content r anged 
between 0 . 06 and 0 . 15% thereby showing that the re is no 
relationship between total nitrogen content and manuring and 
hence it can be due to factors other than manuring. However, 
it may be also possible that the increased nitrogen from 
organic manure might have been utilized by the denser 
phytoplankton present in manu r ed ponds . 
The carbon to nit r ogen ratio is an i mpo rtant factor in 
soil fertility, as it indica tes the rate of decomposition of 
organic matter . Since the decompositi on of organic ma tt er will 
be higher at higher temperatures, there is a tendency towards 
highe r ratios in cool climate than in warm climates . 
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If the C/N ratio of the soil organic matter is wide, the 
micro-organisms have plenty of carbon for synthesi s and for 
energy but there may not be enough nitrogen for synthesis. As 
a consequence of wide C/N ratio, the process of decompositi on 
will be slow. At this stage, if available nitrogen is added 
the process of decomposition wi 11 be accelerat ed . 
Decomposition of organic ma tter is increased by micro-organis ms 
when the C/N ratio becomes narrow. That is why the soil with 
a higher content of nitrogen decomposes at a faster rat e than 
the material of low nitrogen content. Generally silty loam 
soils had higher values of C/N ratio . The mo r e the soil is 
sandy, the more decomposition will be possible due to better 
aeration (Pi llai and Sreenivasan 1975) . Most f resh organic 
matter h~ around 45 to 55% carbon , but its nitrogen content can 
very greatly . Organic matter with a C/N ratio of 10 to 15 
will decompose much fas ter than organic matte r with higher C/N 
ratio (Boyd, 1990). 
According to Boyd (1992) the ave r age C/N ratio of 
brackishwater ponds in Philippines was 5 . 87 but some soils had 
C/N ratio as high as 40. The large C/N ratio was found in 
semi -intensive ponds with fairly high concentration of organic 
carbon . The C/N ratio of 16.83, 13.98, 10 . 38 and 10.10 in 
ponds applied with poultry dropping, cowdung, piggery waste and 
control pond recorded in the present study agrees well with the 
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values observed by the above author. The significantl y hi gh 
GIN ratio of 16.83 obtained in the pond applied with poultry 
dropping may be due to the increased mine r alis ation rate of 
poultry manu re which reduced the nitrogen content and thereby 
registering high GIN ratio. 
Acco rding to Subosa and Bautista (1 991) the total 
phosphorus in brackishwater pond soil applied wi th 2000 Kg 
poultry manu re varies from 6.8 to 8.7 ppm during initial period 
to 12.8 to 15.4 ppm during final period . On the other hand, 
Ghakr abo rti et al., (1985) recorded still higher total 
phospho rus content of 10 . 8 to 28.6 ppm in brackishwater ponds 
at Kakdwip manured with 250 Kg poultry manure . Compa red to 
these obse rvations, in the present case extremely high tot al 
phospho rus content of 723 . 81, 985 . 39, 690 .43 and 752.36 ppm was 
recorded in ponds applied wi th poultry dropping, cowdung, 
piggery waste and cont rol pond res pectively . Values cl ose to 
the present study we r e obtained by Gilbert (1985) and Nassar 
(1986) who reported 586 to 693 and 700 to 1400 ppm in soils of 
the same area. 
The hete rotrophic activity in the sedimend of ponds in 
the present study was almost same in ponds applied with cowdung 
and control pond, indica ting that cowdung application can not 
increase the heterotrophic ac tivity of mud . On the other hand, 
the average heterotrophic activity of 2.29 and 2 . 23i. /day in 
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pond applied with poultry. dropping and pi gge ry waste 
respectively were significantly very high compa red t o the 
control pond and the pond applied with cowdung which r ecorded 
values of 1.16 and 1 . 14%/day respectively . This indicates that 
application of poultry dropping and pi gge ry waste can increase 
the microbial community in the sediment, and cowdung probably 
may not be a good substra t e for bacterial development. 
Mo r eover, the low dissolved oxygen cont ent in pond applied with 
cowdung might ha ve caused for the reduced growth of micro-
organisms. 
Milstein et !l. , (1991) reported tha t in freshwate r ponds 
applied wi th poult ry dropping, the het e rot rophic digestion in 
sediment decreased f r om 5 to 6% at the beg inning of the g r owing 
season to about 2% at the end . However, in the present study 
with the applicat ion of poult ry drop ping , the heterot rophic 
activity decreased from Z.6Z1 at the beginning t o about 1. 891- a t 
the end . This reduction in heterotrophic activity may be 
because of the gra zing of detritus containing heavy bact e rial 
load by the prawns. 
According to Hi ckling (1971), organi c manure application 
in brackishwater soil is the best me ans to increase benthos 
which is a favourable f ood for the prawns . 
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Chakraborti et !l., (1986) observed no difference in 
benthos quantity in ponds at Kakdwip between manured and non 
manu r ed ponds. Tn the present study also, no difference in 
benthos content between pond applied with poult ry manure and 
control pond was noticed . On the other hand, Cha ttopadhyay and 
Mandal (1982) noticed r educed concentration of benthos in 
treated pohds with 2000 Kg cowdung per hectare. In the present 
study reduced benthos concentration was not iced i n ponds 
applied with cowdung and the reason can be at tributed to the 
r educed dissolved oxygen concentration caused by the 
decomposition of organic matter which is also reported by Rao 
and Murthy (1988) . The lowest benthos content of 5.09 mg/M2 in 
pond applied with piggery waste may be because of the higher 
consumption of benthos by prawns which is fu rt he r substantiated 
by the higher survival rate of prawns in this pond. Tn 
addition, the benthos concent r a tion can be influenced by 
salinity, pH, nutrients, organic matter and texture of so-il. 
The reduced benthos concent r ation towa rds the end of the 
experiment may be either due to the increased consumption of 
benthos as the planktopha gous young prawns change to omnivorus 
during juvenile sta ge . Moreover the r educ tion of oxygen due to 
the decomposition of organic matte r and certain products of 
decomposition of organic ma tter (o r ganic acids) also might have 
caused for the reduction of benthos (Watanabe, 1984) . 
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The data regarding the average weight in the present 
study shows that during 6th week, the growth of prawns was 
high in pond applied with piggery waste whe re the average 
weight WHS 6.601 p.m compnr('d to thE' l ,.7 /,,>, fi. 7. 62 nnd lo.9f\ l , I ~ m 
in pond applied with poultry dropping, cowdung and control pond 
respectively. However, the ave r age wei ght in pond applied with 
piggery waste was found reduced during the subsequen t weeks . 
This indicates that piggery waste boosts up the production 
during the initial period . 
Among all treatments the lowest survival rate of 43 . 97% 
was observed in pond applied with cowdung. The low survival 
rate in this pond may be ascribed to the mortali t y of prawns 
du~ to 
1) dissolved oxygen concentration of below 2 ppm du r ing 
early mo r ning observed th r ice. 
2) the enl:;angling of prawns in fil amentous algae 
developed in thi s pond. 
3) low rate of decomposition as cowdung contains more 
cellulose which blanketS the pond bottom. 
4) liberation of abnoxi ous compounds produced during the 
decomposition of organic matt e r (Watanabe, 1984). 
5) low productivity and zooplankton content . 
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From the figure 32 it can be seen that a gradual and 
steady growth of prawns was noticed only in pond applied with 
poultry manure. The fact that dissol ved oxygen was not reduced 
to below 2 ppm during early morning in this pond also favoured 
high growth and survival r a te of prawns. 
An evaluation of nitrate, a major form of nitrogen in 
wate r at different ponds applied with organic manures sholved 
that the values do not va ry much, eventhough the quantity of 
nitrogen provided was mo re in the pond applied with cowdung 
(42 . 00 kg)., compared to 25 kg nitrogen applied each in ponds 
applied with poultry dropping and pjgge r y waste. The low 
survival rate (43 . 97%) and low production (132 .83 kg/ha/68 
days) in the pond applied with cowdung, indicates that either 
the nitrogen quantity provided may be more or other than 
nitrogen some other factors critically affects the growth and 
survival rate of prawns. Analysis of o r ganic carbon in 
different ponds showed higher ave ra ge concent ration of 2.62% 
in pond applied with cowdung. On t he other hand, in pond 
applied with poultry dropping, the average organic ca rbon 
content was 1.637., where the highest s urvival rate of 91.197. 
and highest production of 269 . 73 kg/ha/68 days was observed . 
This clearly shows that organic carbon content of' above 2% may 
not be favourable for growth, The reason can be attributed to 
the reduction of oxygen and production of abnoxious compounds 
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produced during the decomposition of organic matter (\Jatanabf., 
1984), which either in combination or alone adversely affect 
the growth of prawns . Hence while selecting the o r ganic 
manu res for increasing the productivity of shrimp farms , major 
consideration should be given to the o rganic matter content. 
This study shows that poultry manure can be safely added to 
shrimp ponds in split doze.s which can generally maintain the 
ecological parameters with in a optimum level. 
According to Gaur et al., (1990) poultry ma nure is a rich 
organic ma tter since liquid and solid excreta are excreted 
together resulting in no urine loss. Garson et al., (1986) 
observed that poultry dropping has almost double quantity of 
crude protein and minerals compared to cowdung . Ray and David 
(1969) opined that most of the important soluble inorganic 
salts required for imparting productivity in water are present 
in large quantities in poultry manure . According to Banerjea 
et ~., (19 79 ) the rate of relea se of inorganic nitrogen is 
mo re in poultry manrue as compared to cowdung and a 
considerable portion of nitrogen is initially present in 
inorganic form (13 . 10 to 36.27%), which readly supplies ammonia 
and nitrate t o water phase by the process of mineralisation. 
He also observed that the consumption of dissolved oxygen is 
more when applied with poultry manure, which is a positive 
index of high biodegredabi lity . \~ide flu-:Cctuations in the pH 
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va lues supported by high alkali nity and 
was also observed by the above author. 
plankton production 
In the pres ent study in addition to poultry dropping, 
pigge ry wa s te was also found to yield encouraging result s with 
a survival rate of 77.487. and production of 196.78 kg/ha/68 
days . According to Sharma (1981) pigge r y waste i s in a 
semidigested form and is r ich in va rious growt h promoting 
elemen ts. 
The increased productivity, phytoplankton, zoopl ankton, 
survival r ate and growth rate obt ained in po nds applied with 
poultry dropping and piggery waste compred to the control pond 
i n the present st udy strongly suggest the need to manuring 
sh rimp ponds with poultry dropping followed by piggery waste. 
Organic manures a r e ve r y useful in conditioning the soil 
of a new pond and providing a r eadymade mass of organic ma tt e r 
containing the necessa r y input s. 
the formation o~ good pond mud , 
The or ganic matte r helps in 
promote nitrification and 
fo r mation of a good colloidal structure. 
C HAP T E RIll 
TRACE ELEMENTS CONCENTRATION IN BRACKISHWATER SHRIMP PONDS 
APPLIED WITH ORGANIC MANURES 
I. INTRODUCTION 
Investigations on the deposition of heavy metals in the 
body of decapod crustaceans is a fi eld of interest because of 
the frequent shedding and renewal of the exoskeleton, the r ole 
of metals in osmoregulation, enzymatic and resp i r atory 
functions and also in tracing pathways of pollution. Heavy 
me tals are toxic if in excess, yet some like zinc and copper 
are essential in lowe r concentrati on fo r the metabolism of 
ani mals . The higher me tal content in crustaceans may lead to 
toxicity to human being on the one side and to the aquatic food 
chain on the other. Inorder to survive accumulation of h igh 
level of toxic metals many invertebra tes employ biological and 
physiological detoxifica tion . However, in aquatic ecosystem 
the role of micronutrients is significan t by virtue of their 
role in enhancing productivity and accele rating the interaction 
of various trophic levels of food chain . 
Among the dif fe r ent heavy metals, z inc, copper and iron 
are considered as essential micronutrients, while others such 
as cadmium and lead are categorised as non-essential (Ma rtin 
1974, Martin et 21., 1977, Qasim et 21 . , 1988) . While tr ace 
metals such as zinc is an essential element for most of the 
biological functions, copper is the basic constituent of the 
body fluid in crustaceans . The ro le of iron in the formation 
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of chlorophyll and photosynthesis emphasizes the import ance of 
this element in producing prima r y food o r ganisms in fish 
ponds. 
Me tal content in aquatic organi sms is highly dependent on 
the me tal content in wate r. A slight increase in water could 
lead to significant inc rease in t he body of organisms . 
Neve r theless, the net trace me t a l uptake is influenced to a 
g r ea t extent by water quality parameters such as salinity , 
tempe rature, concentration of chelating agents and other me t als 
(Phillips 1977). 
The characteristics of the sediment phase playa dominent 
role in determining the bioavailability of the metal. As a 
re sult of various physiological changes and reactions in 
aquatic environment, a majo r f r action of the metals is 
ass oc i a ted with the bottom sediment. He t al contents of the 
sediments a re ma nifold higher than the values fo r the overlying 
wa ter. According to Chat t opadhyay and Saha (1980), soil 
characters such 
conductivity and 
availability of 
as pH, 
textural 
calcium carbona te, elect rical 
composition of soi l influence the 
mic r onutr ient s . Furthe r under appropriate 
conditions, the metals could leach ou t of t he sediment to 
pollute the wa t e r colum n. Thus estimat ion of metal 
concentration in suspended particles in aquatic o r gani sms and 
in sediment wi 11 yie ld a sens it ive info r mation on t he metal 
concent r a tion than a stud y of meta ls in wa t e r alone . 
270 
In view of the significant rol e played by micronutrien ts 
in aquatic system, these elements have been a subjec t of 
constant investigation particularly in brackishwater ponds 
(Chattopadhyay and Chakraborti, 1980, Chattopadhyay and Saha 
1980, Chattopadhyay and Mandai 1980 ) . Subash Chander ( 1986 ) 
and Joshi (1990), while investigating the trace element 
concentration in prawn culture fields of Cochin, noticed that 
the adjoining Cochin estuarine system plays an important r ole 
as the source of trace elements in these culture systems . 
Murthy and Veerayya (1981), Rajendran and Kuri en (1986), Subash 
Chander (1986), Joshi (1990), Anikuma ri (1992) and Moh apatr a 
(1993) conducted detailed studies reg a rding the trace metals in 
brackishwater fields near to Cochin estuarine system. 
According to Rajendran and Kurien (1986) , copper concentration 
was l ess in Cochin backwa ters and ranged bet we en 0 . 10 to 1 . 20 
ppb . Sankaranarayanan and Qasim (1969) and Venugopal et al., 
(1982) reported an increase in coppe r content in water of 
Cochin estuary during monsoon and pos t mo ns oon months r esulted 
by the increased land drinage. Anikuma ri (1 992) obse rved a 
negative correlation of copper with salinity and showed that 
copper content will be mo re during l ow sa line monsoon season. 
Murthy and Veerayya (1981) studied the effec t of grain size and 
organic matter on the concentrati ons of me t als and established 
strong correlation bet ween metal content and organic ma tt er 
content in sediment . Murthy and Veer ayya (1981) and Anikum a r i 
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(1992) reported a clear correlation between copper content and 
organic matter. 
Concentration of heavy metals such as coppe r and zinc are 
reported to get accumula ted in or gans such as muscle, 
hepatopancreas, stomach and blood (B ryan, 1968) . Dar mono and 
Denton (1990) made an extensive study on the heavy metal 
concentration in prawns, Penaeus merguiensis and f . monodon and 
concluded that the levels of zinc, coppe r, mercury and cadmium 
in the muscle tissue we re below the toxic levels . Bryan ( 1964 ) 
studying the zinc regulation in the lobster Homarus vulgaris 
concluded that extra zinc is absorbed from high seawater via 
the gills and the excess zinc is re moved by u r ina r y excretion. 
Rainbow ( 1985 ) interpreted that there is a regulatory mechanism 
to maintain constant concentration of zinc, coppe r and cadmium. 
Simila r a ttempts on crustaceans particularly prawns in Cochin 
estuarine system a r e seldom attempted except for the studies 
made on the trace me t al concentrations of the muscle of prawns 
cultured in brackishwater pond s near Cochin estuarine system by 
Joshi (1990) and Anikumari (1992) . 
Mic ronutrients , the basic requirement for the production 
of shrimp food or ganisms may get exhausted in the pond 
ecosys t em unless they are constantly replaced. Fertilization 
of both organic and i norga nic can promote to a great ex t end, 
the addition of the required micronutrients to the pond. 
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Nutrients released from the organic ma nures and inorganic 
fertilizers are transferred to the pond soil and water through 
bacterial decomposition. Aquatic organisms in the cultivable 
medium tend to accumulate some of the micronutrients like zinc, 
copper and iron which are essential for their metabolic 
activity. Nutrient potential of different organic manures if 
documented can help a long way in formulating the schedules for 
their selection and application. 
A scrutiny of the foregoing literatu re shows that the 
effect of manuring on the trace elements in the pond ecosystem 
and their rate of accumulation in the tissue of cultured 
animals in manured ponds is not hitherto been studied. 
Therefore, the present investigation on the effec t of organic 
manures such as poultry dropping, cowdung and piggery waste was 
taken up where the trace metals such as zinc, copper and iron 
are studied in the water, soil and tissue of prawns. 
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2. MATERIAL AND METHODS 
This study was conducted in 4 small brackishwater ponds 
belonging to Krishi Vi gyan Kend ra at Na r ackal where the study 
described under chapter II was conduc ted to evaluate the 
influence of organic manu res on the ecology and productivity of 
brackishwater shri mp ponds. In this expe ri me nt water, soil 
and prawn tissue samples were collected during the course of 
experiment applied with various organic manures and analysed 
for zinc, copper, iron concentrationS, 
The 4 ponds are designated as A, B, C and D having an 
area of 0 . 04 ha, 0 . 04 ha, 0.05 ha and 0.03 ha respect ively. 
The quantity of manu re applied was 670 .5 2 kg poultry dropping 
in pond A, 2000 Kg cowdung in pond C and 913 .38 Kg piggery 
waste in pond D. Pond B was kept as control. The 
concentrations of zinc , coppe r and i r on determined in different 
manures applied in the ponds are given in table 39 . The 
duration of the expe ri ment was 3 months. 
2.1 TRACE ELEMENTS IN WATER 
The water samples were preserved in the farm site itself 
by adding 2 ml of redistilled concentrated nitric acid per 
litre of water (Menasveta, 1978) to r educe the pH to 3 to 4 as 
the heavy me tals will not a ~sorb to the containe r walls. 
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Table 39: Concentration of Zinc. Copper and Iron in different 
manures used for experiment. 
Manure 
Poultry dropping 
Cowdung 
Piggery waste 
Zn 
,/. 
1.38 
0 . 36 
1.07 
Cu 
Yo 
1.09 
0 . 54 
0.99 
Fe 
·f· 
2 . 04 
0.78 
1. 75 
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The trace elements were then determined by the extraction 
of their complexes with ammonium pyrollidine dithiocarbamate 
(APDC) into methyl iso butyl ketone (MIBK), and 
subsequent a nalysis was done In atomic absorption 
spectrophotometer (B r ookes et al., 1967) . 
Preconcentration of dissolved trace elements from water 
after filtering through a 0.45 nm millipore fi lters under 
vacuum was achieved by chelating them with APDC followed by 
extraction of the me tal chelates int o MTBK . Again the organic 
extract was back extracted into final inorganic form using 
concentrated nitric acid. The extract was diluted to 20 ml and 
was analysed in a Pe rki n Elme r - 2380 model atomi c absorption 
spect r ophotomete r . The me thod of estimation was followed as 
per the guidelines of Brookes et al., (1967) and Sengupta et 
al..1. (1978). The wavelengths used fo r zinc, copper and iron 
were 213.8, 324.8 and 248.3 nm r espectively. The values we re 
obtained from the standard graph drawn with the values obtained 
for s tandard chemicals for zinc, coppe r and iron. The values 
are given in parts per billion. 
2.2 TRACE ELEMENTS IN SEDIMENT 
The sediment was oven dried at 90'C to constant wei ght 
and was ground in a ceramic grinde r . The powdered sediment was 
allowed to pass through a 100 nm screen. The finer sediment 
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particle s were kept ai rtight in plastic bottles for dig-est ion 
and further analysis. 
The digestion of soil samples of known weight was done in 
a mixture of perchloric acid and nitri c acid as rec omm ended by 
Lithner (1 975 ) . Three drops of sodium chloride (30 g/100 ml) 
was added to the digested sample and was then diluted to 50 ml 
with double disti lled water . Filtration was done with whatman 
No . 42 filte r paper and final samples were stored in 50 ml 
plastic bottles . Simultaneously blank were also prepared. 
Estima tion was done as in wa ter sample and the re sult is 
expressed in ppm . 
2.3 TRACE ELEMENT TN MUSCLE 
Pr awns we re cleaned thoroughl y with tap water and later 
in double distilled wate r. The muscle was separated using 
stainless steel dis section tools . The muscle was taken in a 
clean watch glass and dried for 3 days at 60·C i n an oven 
(Szefe r e t ~. , 1990) . The dried samp l es we re powdered and 
packed ai rtigh t in clean glass vials for furthe r estimation. 
One gram of dried and powdered muscle was taken in a 
silica cruci bl e covered with silica lid and was transferred to 
a cool muffle furnace and the temperature was slowly raised to 
4S0-S00·C . The sample was held at th is temperature for 1 hr. 
The crucible was re moved and cooled . The nitric acid treatment 
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was done as and when required to obtain clean and practically 
carbon free ash. Afterwards 10 ml of 1 N hydrochloric acid 
was added and the ash was dissolved by heating cautiously on a 
hot plate . The mixture thus prepared was transferred to 25 ml 
volumetric flask adding hydrochloric acid, cooled and diluted 
to volume (AOAC, 1980). Metal analysis was carried out after 
suitable dilution/extraction of the digested sample and the 
procedure followed was the same as for metal analysis in water. 
The result is expressed in ppm dry weight of the muscle . 
3. RES U L T S 
3 . 1 TRACE ELEMENT IN WATER 
3.1. 1 ZINC 
Particulars regarding the zinc concentration of water in 
different ponds applied with organic manure are given in table 
40 and fig 33 . 
In pond A applied with poultry manure, the concentration 
was 14.11 ppb during the zero week. The lowest and highest 
values of 0.53 and 18.5S ppb were recorded during the 8th week 
and 6th week respectively. 
Tn control pond B, the values during the zero and first 
weeks were 7.47 and 8.59 ppb respectively. The lowest and 
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highest values of 2 . 61 and 9 . 81 ppb were recorded during the 
6th and 8th weeks respectively . 
In pond C applied with cowdung , the concentration was 
3.69 ppb during the zero week which was the lowest value 
obtained during the culture period . The highest value of 10 .30 
ppb was recorded in the 9th week . 
In pond D applied with pou l try waste, the concentration 
was 13 . 72 ppb during the zero week which decreased to 2.38 ppb 
in the 8th week. The highes t concentration of 33.54 ppb was 
recorded in the 9th week . 
The average concentration of zinc in water in ponds 
applied with poultry manure, cowdung. pigge ry waste and control 
pond were 9.96, 7.25, 12.7 2 and 6.40 ppb respectively . 
Anova of zinc concentration in wate r at different ponds 
showed no significant difference (P>0 . 05). Correlation 
analysis showed no significant re lationship between zinc 
content in water and growth rat e of prawns. 
3.1.2 COPPER 
Copper concentration in water of different ponds applied 
with various organic manures is given in table 40 and fig. 33 . 
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The concentration in pond A applied with poultry dropping 
was 1 . 96 ppb for the zero week which was the highest recorded 
value. The value decreased slowly to the lowest value of 0 . 54 
ppb recorded in the 8th week, which later increased to 1.62 ppb 
in the 9th week. 
In the control pond B the copper concentration during the 
zero week was 6 .86 ppb which decreased gradually to the lowest 
value of 0.5 7 ppb in the 8th week. The concentration suddenly 
shot up to the highest value of 22 . 46 ppb in 9th week. 
The concentration recorded in pond C, applied with 
cowdung, was 0.78 ppb during the zero week which increased to 
1.58 ppb in the 4th week . The 6th week recorded the lowest 
value of 0.54 ppb with the highest value 11.57 ppb recorded 
during the 8th week . 
In pond D applied with piggery waste, the concentration 
was 7 . 67 ppb in the ze ro week which gradually decreased to a 
vlaue of 0.5 6 ppb in the 8th week . The highest value of 16 . 54 
ppb was recorded during the 9th week . 
The average concentration of copper in ponds applied with 
poultry manure, cowdung, piggery waste and control pond were 
1 . 10, 3 . 63, 7 . 05 and 7.27 ppb respectively . 
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Anova of copper concentration in different ponds 
indicated no significant difference ( P>O.OS). Correlation 
analysis showed no significant rel ationship between coppe r 
concentration in water and growth rate of prawns. 
3.1.3 IRON 
Particulars regarding the iron concentration in water of 
different ponds applied with organic manures are given in table 
40 and fig. 33 . 
The concentration in pond applied with poultry manure for 
the zero week was 2 . 45 ppb, which was the lowest value 
recorded. There.after the value increased to a high of 27.68 
ppb in the 8th week~ During the 9th week, the concentration 
was 18.97 ppb. 
Tn the control pond B, the concentration of iron was 4.66 
ppb for the zero week, the lowest and the highest value of 2. 85 
and 20.21 ppb being recorded dur i ng 6th and 8th weeks 
respectively. 
Tn pond C applied with cowdung, the lowest value of 1 . 84 
ppb was recorded during the zero week. Thereafter, the value 
increased gradually to the highest value of 40.83 ppb during 
the 9th week. 
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Table 40: Concentrations of Zn, Cr and Fe (ppb) in water recorded 
in ponds applied with different organic manures. 
Treatment Poultry Control COlVdung Piggery 
dropping waste 
Weeks A B C 0 
Zinc 
0 14.17 7 . 47 3.69 13.72 
4 9 . 54 8.59 9.68 7.48 
6 18.56 2.61 4.98 6.52 
8 0.53 9.81 7.61 2 . 38 
9 7.01 3.54 10 . 30 33 . 54 
Mean 9.96 *A 6.40 *A 7.25 A 12.72 A 
CorrEllation 
r value -0.449 NS -0 . 225 NS 0.525 NS - 0 .103 NS 
Copper 
0 1.96 6.86 0.78 7.67 
4 0.83 4 .33 1.58 8.98 
6 0 . 56 2 .16 0 . 54 1.54 
8 0.54 0.57 11.57 0 . 56 
9 1.62 22 . 46 3.69 16.54 
Means 1.10 *A 7.27 A 3.63 *A 7 . 05 A 
. ., ' . 
Correia tion 
- 0.536 NS 0 .111 NS 0 . 387 NS - 0.187 NS 
r value 
Inn 
0 2 . 45 4.66 1.84 7 . 86 
4 9 . 60 18 . 33 7 .77 8.83 
6 7 . 42 2.B5 B.9 6 10 .34 
8 27 . B8 20.21 15 . 23 19.87: 
9 1B.97 13 . 04 40 . 83 4. 36 
Means 13.22 A 11.B1 *A 14.92 *A 10.25 A 
Correlation 0.777 NS 0 . 359 NS 0.576 NS 0.216 NS 
r value 
* Any two means having a common letter are not significantly different. 
S - Significant . NS - Not Signficant. 
Fig. 33 
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In, Cu and Fe cone. recorded in water 
ponds applied with Organic manures 
Concentration of Zinc 
o 4 • • • 
week8 
o 4 • • • 
week8 
Concentration 01 Iron ~~----------~~~~----------------~ 
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10 
10 
o 
o 4 • 
weeks 
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283 
The concentration during the zero week in pond applied 
with pigge r y waste \.as 7 . 86 ppb. The highest and t he lowest 
values of 19.87 and 4 .3G ppb were observed during the 8th and 
9th weeks respectively . 
Anova of iron co ncent ration i n diffe rent ponds showed no 
signi ficant difference (P>O . OS). Co rr elation analysis r evealed 
no significant relati onship between iron concen tration in water 
and growth rate of prawns in any of the ponds. 
3.2 TRACE ELEMENTS I N SEDIMENT 
3 . 2 . 1 ZINC 
Details reg a rding the concentration of zinc in the 
sediment of different ponds a re given in table 41 and fig. 34 . 
In pond A applied with poult r y dropping, the 
concentration for the ze ro week was 20 . 43 ppm dry sediment . 
In the control pond B, dur ing the ze ro week the 
conc en tration was 17 . 00 ppm wh ich i ncreased to 28 .69 ppm during 
the 4th week . The lowest value of 14 . S4 ppm was recorded 
during the 6th week . The 9th week r eco rded the highest value 
of 36.S4 ppm . 
The concentration of zinc r eco r ded in. pond applied with 
cowdung during the zero week was 27.67 ppm which increased to 
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32.31 pm in the 4th week . The highest and lowest concentr ation 
of 41 . 33 and 23.5 4- ppm we re recorded during the 8th and 9th 
week respectively. 
In pond n applied with piggery waste, zi nc concentration 
was 15.31 ppm during the first week. Subsequently the values 
ranged between 13.69 and 17 . 64 ppm during the 9th and 6th weeks 
respectively . 
The average concentration of zinc in ponds applied with 
poultry dropping, cowdung and piggery waste and control pond 
was 18.66, 29.71., 16.3£\. and 24.69 ppm respectIvely . 
Anova of the concentration at different ponds showed 
significant difference (P<O . 05L Pairwise comparison indicated 
significant difference between ponds app ll ed with cowdung and 
piggery waste . 
Correlation analysis showed no significant diffe rence 
between zinc content in soil and growth rate of prawn . 
3.2.2 COPPER 
Particulars regard i ng the concentration of copper in the 
sediment in different ponds applied "ith organic manures are 
given in table 41 and fig. 34. 
285 
The copper concent ration in pond applied with poult ry 
dropping during the zero week was 4 . 68 ppm. The lowest and 
highest concentration of 3 .73 and 11 .56 ppm were recorded 
during the 4th and 9th weeks respectively . 
In control pond, after recording a vlaue of 9.86 ppm 
during the zero week , the value increased to ~3.54 ppm in the 
4th week. The lowest and the highest concentration of 7.61 and 
13.6J ppm were recorded during the 6th and 9th weeks 
respectively. 
In pond C applied with cowdung, the value recorded during 
the zero week was 8.39 ppm which decreased to a l ow of 6.33 ppm 
in the 4th week. The highest value of 11.54 ppm was recorded 
during the 6th week. 
In pond D applied with piggery waste, the concentration 
was 8.45 ppm during the zero week. The highest and the lowest 
concentration of 10.54 and 3 .49 mg/kg were recorded dur ing the 
4th and 9th weeks respectively. 
The average concentration of copper were 6.80, 8.85, 7.51 
and 10.83 ppm in ponds applied with poul try dropping, cowdung, 
piggery waste and control pond respecti.vely. Anova of 
concentration in sediment of different ponds showed no 
significant difference (P>0 . 05) . 
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Correlation analysis indicated no significant 
relationshi p be t ween copper concent r ation and growth rate of 
prawns. 
3 . 2.3 IRON 
Details r egarding the concentration of iron in sediment 
of different ponds applied with organic manures are given in 
table 41 and fig . 34. 
In pond A applied with poultry dropping, the lowest and 
the highest values of 5.3 2 and 29 . 44 ppm were recorded during 
the 8th and 6th weeks respectively . 
Tn the control pond B, the highest value of 24 . 33 ppm was 
recorded duirng the 4th week . The lowest value of 9 . 83 ppm was 
observed du r ing the 9th week . 
In pond C applied with cowdung, the lowest value of 7.4j 
and the highest value of 49 . 38 ppm were recorded during the 6th 
and 8th weeks respectively. 
In pond D applied with piggery waste, the lowest and the 
highest values of 4 . 32 and 21.49 ppm were recorded during the 
9th and 8th weeks respectively. 
The average concentration of iron in ponds applied with 
poultry d r opping, cowdung, piggery waste and control pond were 
15 . 43, 19.1C, 11.53 and 16 . 02 ppm respectively. 
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Table 41: Concentration of Zn , Cr and Fe (ppm) recorded in the sediment 
of different ponds applied with organic manures . 
Treatment Poultry Contro l Cowduung Piggery 
dropping waste 
Weeks A B C 0 
Zinc 
0 20 . 43 17.00 27.67 15.31 
4 18.51 28.69 32.31 17.56 
6 18 . 36 14 . 54 23 . 71 17 . 64 
8 16 .56 26.67 41.33 17.53 
9 19.48 36.54 23.54 13.69 
Mean 18 . 66 AB 24.68 "'AB 29.71 *A 16.34 *A 
Correlation 
-0.622 NS 0.384 NS 0.034 NS 0.383 NS 
r value 
Copper 
0 4.68 9.86 8.39 8 . 45 
4 3 . 73 13.54 6.33 10.54 
6 7.56 7.61 11.54 8 . 39 
8 6.51 9.54 8.43 6.68 
9 11.56 13.63 9.56 3.49 
Mean 6.80 "'A 10.83 *A 8.85 *A 7.51 *A 
Correlation 
r value - 0.717 NS -0.115 NS 0.434 NS -0 .166 NS 
Iron 
0 17.78 12.90 9.46 10.48 
4 11.33 24.33 18.81 8.04 
6 29.44 15.69 7. 43 13.33 
8 5.32 17.34 49.38 21.48 
9 13.29 9 .83 10.43 4.32 
Mean 15.43 16.02 19.10 11 .53 
Correla tion 
- 0.158 NS -0.199 NS 0.265 NS 0 . 139 NS 
r value 
* Any two means having a common letter are not significantly different . 
S - Significant, NS - Not Sign ificant. 
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Anova of iron concentration in sediment of different 
ponds showed no significant difference (P>O .05 ) . Correlation 
analysis indicated no significant difference between iron 
concentration and growth rate of prawns in any of the ponds. 
3 . 3 TRACE ELEMENTS IN MUSCLE 
3 . 3.1 ZINC 
Particulars regarding the concentration of zinc in the 
muscle of prawns in different ponds are given in table 42 and 
fig . 35. 
It is evident from the figure that i n all the ponds the 
praw~showed a high zinc content of 37.23 - 44.11 ppm 
dry weight of muscle. However during the 4th week, the values 
decreased in all the ponds. During 6th week the values 
increased in prawns collected from ponds applied with poultry 
dropping, cowdung and the control pond, while in pond applied 
with piggery waste, a decrease in zinc content was noticed . 
Nevertheless, after a low during the 8th week, the zinc content 
further increased in the p r awn muscle from all the ponds. The 
zinc concentration ranged between 37.6 & and 44 .11, 36.39 and 
43.78, 37 . 23 and 43 . 78 and 37.43 and 43.78 ppm weight in ponds 
applied with poultry dropping, cowdung , piggery waste and 
control pond respectively. 
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Anova of zinc concent r ation in the muscle of prawns 
obtained from different ponds showed no significant difference 
(P>O . OS) . Correlation analysis indicated no significant 
relationship between zinc concentration in muscle and growth 
rate of prawns. 
3.3.2 COPPER 
Par t iculars regarding the copper concentration in the 
muscle of prawnS cultured from different ponds are given in 
table 42 and fig 3S. 
Tn all the ponds, the concentration during the zero week 
was the same, the value being 28.69 pp)!l dry weight. 
Subsequently during the 4th week, the values showed an 
increasing trend reaching a high of 39 . 13 Pf~ during the 6th 
week in pond applied with poultry dropping and 3S.74 mg/ka 
during the 4t h week in po nd applied wi th cowdung . Tn pond 
applied with piggery waste and control pond, the concentration 
suddenly decreased to 22 . 48 and 23.46 pp~ respectively during 
the 4th week. The copper concentration started decli ning 
thereafter in all the tissues except in that collected from the 
control pond . 
The average copper concent r ation in the muscle of prawns 
collected from the ponds applied with poultry droppi ng, 
cowdung, piggery waste and control pond were 31 . 25, 29 . 40, 
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26 . 75 and 27.49 ppm respectively, anova of whi ch showed no 
significant differenc e (P>O.OS) . Correlation analysis revealed 
no significant rel a tionship between copper concentration and 
growth of prawns. 
3 . 3 . 3 IRON 
Details regarding the i ron content i n the muscle of 
prawns are given in table 42 and fig. 35 . 
In all the ponds, the concentration of iron recorded 
during the zero week was the same and the value was 7.86 ppl~ 
In all the ponds except the pond applied with pigge r y waste, 
the vlaue increased during the 4th week . In the pond applied 
with piggery waste, the value decreased suddenly during the 4th 
week. Again higher concentration was recorded during the 8th 
week in all po nds except in the co ntrol pond. 
The average iron concentration in the muscle of prawn in 
ponds applied with poult r y dropping, cowdung, piggery waste and 
control pond were 10.00, 8 . 97 , 8.55 and 8 . 28 pfm r espectivel~ 
anova of which showed no significant di ffe rence (P >O .OS). 
Correlation analysis also indicated no significant relationship 
between iron content in muscle and growth rat e of prawns . 
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Table 42: Concentration of Zn . Cr and Fe (ppm) recorded in the tissue 
of prawns collected from ponds applied with organic manures. 
Treatment Poultry Control Cow dung Piggery 
dropping 8 C D 
Weeks A 
Zinc 
0 43.78 43.78 43 . 78 43.78 
4 38.78 39.01 36 . 39 39.68 
6 44.11 41.26 41.24 37.23 
8 37.66 37 . 43 38.03 37.67 
9 43 . 39 39. 73 41 . 68 42.06 
Mean 41.52 OA 40.24 A 40 . 22 OA 40.08 A 
Corr~lation 
r va ue - 0 . 204 NS - 0 .70B NS - 0.509 NS -0. B13 NS 
Copper 
0 2B.69 2B .69 2B . 69 2B.69 
4 37 .38 23 . 46 35.74 22.48 
6 39.13 32.96 34.22 26.99 
B 24.B6 26.B9 24 . 64 24.37 
9 26.23 25 . 43 23.73 31.24 
Mean 31.25 *A 27 . 4B A 29.40 *A 26.75 A 
Correlation 
-0.164 NS 0.OB6 NS -0.113 NS - 0 . 230 NS 
r value 
Iron 
0 7.86 7 .B6 7.B6 7.B6 
4 12 . 45 10.27 B. 93 4 . 12 
6 9.64 6. 30 12.48 9.77 
B 13.65 7 . 09 10.29 12.48 
9 6.40 9.BB 5.30 8.53 
Mean 10 . 00 oA B. 2B A B.97 *A B.55 A 
Correla tion 0 . 138 NS -0 .246 NS 0.257 NS 0 . 221 NS 
r value 
* Any tw o means having a common letter a re not significantly different. 
Fig. 35 
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Table 43: Analysis of variance of various parameters recorded in 
Chapter III. 
F Value 
Source O.F S.S M.SS Calculated Tabled 
Water Zinc (table 40) 
Treatment 3 122.92 40.975 0.755 3.24 
Error 16 869.76 54 . 360 
Total 19 992.69 
Copper (table 40) 
Treatment 3 127.42 42 . 47 1.208 3.24 
Error 16 562.36 35.14 
Total 19 689.78 
Inn (table 40) 
Treatment 3 59.58 19.86 0.185 3.24 
Error 16 1715 107 .18 
Total 19 1774.58 
Sedimeht. Zinc (table 41) 
Treatment 3 546.36 182.12 5.171 4.77 " 
Error 16 563.44 35.215 
Total 19 1109.80 
Copper (table 41) 
Treatment 3 47.13 15.710 2.375 3.24 
Error 16 105.82 6.614 
Total 19 152.95 
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F Value 
Source D.F. S.S M.SS Calculated Tabled 
Iron (table 41) 
Trea tment 3 144.81 48.27 0.421 3. 24 
Error 16 1833.35 114.58 
Total 19 1978.16 
Tissue Zinc (table 42) 
Treatment 3 6.111 2. 037 0. 257 
Error 16 126.63 7.914 
Total 19 132.74 
Copper (table 42) 
Treatment 3 61.43 20.477 0. 837 3 . 24 
Error 16 391.05 24.440 
Total 19 452.48 
Iron (table 42) 
Treatment 3 8.55 2.85 0.397 3.24 
Error 16 114.83 7.17 
Total 19 123.38 
, . 
4. DIS C U S S ION 
The importance of trace elements in the growth and 
development of crustaceaps has been stressed upon by many 
workers (Ma rtin, 1974; Rainbow, 1985; and Qazim et ~., 1988). 
Among the diff~rent trace elements, zinc is the most important 
one (Waldichuk, 1974) . In Cochin estua rine waters, 
Sankaranarayan and Stephen (1978) and Rajendran and Kurien 
(1986) reported a zinc concentration of 0 .69 to 9.0 and 9 .4 ppb 
respectively . In culture ponds near to Cochin estuary also, 
Joshi (1990) and Anikumari (1992) reported zinc concentration 
of 4.16 to 14.72 and 5.3 to 7.10 ppb . The concentration of 
6.41, 12.73 ppb observed in the present study agrees with that 
r ecorded by the above said authors. 
A comparison of the average concentration of zinc in 
different ponds in the present study shows slightly higher 
average values of 12.72 ppb in pond applied with piggery waste 
when compa red with the values of 9.96, 7 . 25 and 6.40 ppb in the 
ponds applied with poult r y droppi ng, "· cowdung and in control 
pond respectively. Thi s may be due to the releasing of zi nc 
from the pond sediment to the water since low zinc 
concentration in sediment was also no tic ed in this pond. The 
excess zinc in water in the pond applied with pigge r y waste ma y 
also be due to its release to the wat e r favoured by low or ganic 
carbon I"hich binds trace metals, as ha s also been opined by 
• 
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Murthy and Vee r ayya (1981). Tn all the ponds there were 
drastic changes in the concentration of zi nc and this may be on 
account of utilization . 
. According t o Chattopadhyay and Saha (1980) , importance of 
copper in aquaculture lies in its being involved with 
respira tion of primary fish food organisms and also with their 
utiliz ation of iron in the formation of chlorophyll during 
photosynthesis . Tn the present study, no significant 
difference in coppe r concentration in water wa s fo Jd between 
ponds applied with different organic manures . Howeve r, the 
least value of 1 . 19 ppb and the hi ghest value of 7 . 27 ppb were 
recorded in the pond applied with poultry manure and cont r ol 
pond respectively . This may be on account of absorption of 
copper from water by the abundant gr owth of phytoplankton in 
the pond applied wit h poultry manure . This utilizati on is 
further evidenced by the low concentrat ion of copper in this 
pond compared to othe r ponds. The high concentrations of 
copper in control pond and pond applied with piggery waste may 
be due to the release of copper from the sed iment, a reason 
equally applicable to high zinc concentration in this pond . 
Kanwar and Randhawa ( 1974 ) desc ribed the availability of copper 
in the soil to depend upon a number of facto rs such a s pH, 
organic carbon, calcium carbonate and soil texture . According 
to Rajendran and Kurian (1986), the copper content in Cochin 
estuarine wate r ~ very low of the order of 0 . 1 to 1.2 ppb . On 
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the other hand, Sankaranarayan and Stephen (19 78), Joshi (1990) 
and Anikumari (1992) recorded higher concentration of 0.9 to 
13 . 7; 3 .. 44 to 12.64 and 2.75 to 12.25 ppb respec t ively . The 
copper concentration observed in different ponds in the present 
study ranging between 0.56 and 22.46 ppb shows wider 
fluctuations . 
Iron concentration in water in different ponds in the 
present investigation did not show much vaTiation among 
different ponds, the ave ra ge concentration recorded varying 
between 10.25 and 14.92. ppb. Chatt opadhyay and Saha (1980) 
observed positive correlation between i r on content in water and 
salinity, electrical conductivity of water . On the other hand 
a negative correlation between iron concentration and water 
salinity was observed in the present s tud y . However Joshi 
(1990) has recorded low concentration ranging between 1.12 and 
5.85 ppb in brackishwater ponds of Vypeen island , Vihere no 
manuring was done. Thus it may be concluded that the highest 
values observed in the present study may be due to the effect 
of fertilization. 
An evaluation of the zinc concentration in the sediment 
from ponds applied with different organic manures showed 
significant difference. The highest concentration of 29 . 71 ppm 
was observed in pond applied with cowdung. This may be due to 
the slow release of zinc from the sediment to wate r p robably 
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because of the reduced conditions in the bottom of this pond 
which inhibit the release of zinc in to the water (Lu and 
" 
Chen 1971l. Concurrently the low concentration in ponds 
applied with poultry and pigge r y waste may be on account of its 
release in to the water body as the bo ttom of these ponds are 
not in much reduced state. 
In the present study, the average zinc concentration in 
the sediment in different ponds ranged between 16.34 and 29.71 
ppm . This value is hgiher than the value of 0.5 - 3 . 21 ppm 
reported by Rajendran and Kurian ( 1986) in the adjacent cochin 
backwaters . On the other hand, very high values of 32. 08 to 
92 . 8 and 42 to 81 ppm have been reported by Joshi (1990) and 
Anikumari ( 1992) respectively in brackishwa ter ponds ne a r to 
Cochin estuarine system. Theie study was in deeper ponds and 
since reduced conditions persist in deeper ponds, zinc release 
into water was in~ib[ted showing highe r values in the sediment. 
Anikumari (1992 ) recorded a to 13.45 ppm copper 
concentration in brackishwater ponds nea r to Cochin estuarine 
system . On the other hand, Joshi (1990) recorded a 
concentration of 32.08 - 92.8 ppm in brackishwater ponds of the 
sa me area. The values of 7.51 - 10 . 83 ppm obtained in the 
present study were almost similar with that of the first 
author. 
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Iron content in sediment also did not show any 
significant difference among the different ponds . However pond 
and 
C showed higher values. The values of 11. 53 \ 19 . 10 ppm in the 
present study is higher than the values of 0.72 - 6 . 08 ppm 
obtained by Joshi (1990) in the same area. According to Lu and 
Chen ( 1971), with reducing conditions, the release of iron in 
to water is enh anced . The ponds where Joshi (1990) studied, 
were deeper and the r educing conditions there might have 
enhanced the release of iron in to the water and hence low 
concentration in sediment. 
The concentration of zinc in the musc le of prawns 
obtained fro m different ponds did not show variation and the 
average values ranged between 40 . 08 and 41 . 52 ppm (dry wei gh t ) . 
A concentration of 16 . 07 ppm (wet weigh t ) wa s reported by 
Darmono and Denton (1990) in P. monodon obtined from culture 
ponds . Matkar et al., (1981) also found out a zinc 
concentration of 11.15 ppm (wet weight) . On the other hand, 
Anikumari (1992) reported a lower concentr a tion of 6.66 
18 . 31 ppm (dry weight) . The concentration obtained in the 
present study is higher than the values ob t ained by Anikuma r i 
(1992) and almost similar to the values r epo rted by other 
authors as they reported values in wet weight against the 
values given in the present study i n dry weight basis . 
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Copper concent ra tion in the muscle did not show much 
variation in the present study . 
ranged between 26.75 and 31.25 ppm. 
The average concentration 
Darmono and Denton (1990) 
reported a concentration of 7 . 23 ppm wetweight in the muscle of 
cultured P. monodon, while Zingde ~ al., (1976) observed the 
copper concentration of 21 to 48 ppm in the muscle of P . monodon 
obtained from Goan waters. On the other hand, Anikumari (1992) 
reported a very low concentration of 1.49 to 9 . 95 ppm (d r y 
weight) in P. Indicus. The concentration obtained in the 
present study seems to be in accordance with that observed by 
the above said authors except Anikumari (1992) . 
Matkar et al . , ( 1981) reported a very high concentration 
of 15 ppm (wet weight) in the muscle of Aselius indicus from 
marine waters off Bombay. Darmono and Denton (1990) observed 
an iron concentration of 2 . 07 ppm wet weight in P. monodon 
collected from cultured ponds . The average concent ration of 
8.28 to 10 . 00 ppm (dry weight) observed in the present study 
agrees more with the observations made by Darmono and Denton 
(1990) . 
Compared to water and sediment, the content of each trace 
metal in the muscle of prawns does not vary much among 
different ponds in the present study and the reason may be 
att r ibuted to the body regulation of t r ace elements in the 
prawns (Bryan, 1968). 
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The quantit y of manu re applied was 670.52 kg poultry 
dropping in pond A, 2000 kg cowdung in pond C and 913 . 38 kg 
piggery waste in pond D. According to table 39, the quantity 
of zinc applied by the manu ring was 9 . 25 kg, 7.2 kg and 9.77 kg 
per ha in pond applied wi th poultry dropping, cowdung and 
piggery was te respectively. The quantity of copper supplied 
was 7 . 3 kg, 10.80 kg and 9.04 kg per ha respectively. Evincing 
compa ratively high quantity provided, the iron content in ponds 
applied with poultry dropping, cowdung and piggery waste was 
13 . 67 kg, 15.6 kg and 15.98 kg, per ha respectively. 
In acco rdance with high quantit y of 9 . 77 kg applied, the 
zinc concentration in the water of the pond applied with 
piggery waste showed correspondingly higher average value of 
12.72 ppb . In other pond s the concentration of zinc applied 
with cowdung and poultry manure was 7.2 and 9.25 kg/ha 
respectively . Co rrespondingly zinc concentra tion in water also 
showed comparatively low values of 7.25 and 9 . 96 ppb 
respectively. However, in the sed iment, the concentra t ion of 
zinc was found t o be higher in pond applied with cowdung 
(29 . 71 ppm) compared to other ponds, which may probably be due 
to the binding action of the sedi ment und e r reduced lower 
dissolved oxygen concentration resul t ing in the accumulation of 
zinc in the mud as ha s also been r eported by Lu and Chen 
(19 71) . Nevertheless, i n the muscle of the prawns cultured in 
these ponds, the zinc concentration indicated a na rrow r ange 
? 
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betwee n 40.08 and 41.52 ppm, th4s showing indication of body 
regulation within the tissues irrespective of the variation of 
z inc c oncentration obse r ved i n t h e environment. 
Coppe r concentration i n the water of the pond applied 
with piggery waste showed maximum concent r ation of 7. 05 ppb 
compared t o the low concentration of 3 . 63 and 1 .01 ppb in ponds 
applied with cowdung and piggery waste. A comp a rison of the 
coppe r concentration in wate r, sediment and tissue in ponds 
applied with different organic manures indicated certain 
interesting fea tures . In the pond applied with cowdung, the 
coppe r concentration in water was 3 .6 3 ppb with the 
concentration in t he sediment amounting to 8 . 85 ppm. In the 
tissue, a concent r ation of 29 . 40 ppm was noticed. In the pond 
applied with poultry dropping on the other hand , where the 
sedimen t showed 6 . 80 ppm, wate r s howed the leas t concentration 
of 1. 10 ppb with higher concentra t ion of 31.28 ppm in the 
tissue, thereby indicating abso rpti on and accumu l a tion from the 
water to the ti ssue . Tn the pond applied wit h piggery waste, 
however, t issue s howed a lowe r concent r ation of 26 .75 ppm with 
higher values of 7 . 05 ppb in water and 7 .51 ppm in the 
sediment, thus indicating lowe r rate of accumulation in the 
tissue. 
Iron concentration in the pond applied with cowdung, 
poultry dropping and piggery waste were 14.92 ppb, 13 . 22 ppb 
" 
, 
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and 10.25 ppb respec tively in the water , while in the sediment, 
the values were 19.10 ppm, 15.43 ppm and 11.53 ppm 
respectively . A comparison of Iron content in the manures such 
as cowdung (15.60 kg), poultry dropping (13 .67 kg) and piggery 
waste (1 5.98 kg) and its concentration in water and sediment 
indicated higher r ate of accumulation in sediment in ponds 
applied with cowdung and poultry dropping. In the tissue, the 
higher concentration of 10.00 ppm was noticed in the prawns 
cultured with poultry manu re . Here it is probable tha t the 
iron concentration from the sediment is released in to the 
water and then to tissues which is reflected by the 
comparatively low concentration in the sediment and water and 
higher concent ration in the muscle of prawns . 
The zinc and copper concentration is the tissue of prawns 
in the present study were 40.08 t o 41.52 and 26 .76 to 31 . 25 ppm 
respectively. These levels were below the maximum levels of 
450 ppm zinc and 35 ppm copper (d ry wt . ) set by the Australian 
National Health and Medical Rese a rch Council for human 
consumption (Darmono and Denton, 1990). 
An evaluation of the impact of the concent r ation of trace 
elements in different manures under study indicates that 
poultry manure haivng zinc, copper and iron concent rations of 
1.38, 1.09 and 2.04')'. respectively showed better production in 
terms of prima r y productivity al ong with better growth and 
305 
survival of prawns. In ponds applied with piggery was te and 
cowdung having zinc, copper and iron concent rations of 0 . 36, 
0.51\-, 0.78i. and 1.07, 0 . 99, 1. 75i. respectively, wher e 
productivity was moderate . Here it is probable that poultry 
manure with the desired levels of micronutrients have enabled 
steady and slow release of nutrients e nabling rich productivity 
and encouraging yield. 
SUM MAR Y 
SUM MAR Y 
The investigation on the Ecological and Productivity 
Studies of the Prawn Farms in Central Kerala is described under 
3 chapters . 
1 
2 
CHAPTER 1 
The Chapter 1 deals with the ecology and 
productivity of some semi-intensive prawn fa rms at Poyya 
and Chellanam lying at the northern and middle portions 
of the Cochin estuarine system, from where 3 ponds each 
we re selected for study. The ma jor water, soil and 
biological parameters along with the growth r ate, 
survival rate and production of stocked prawn g were 
evaluated . 
Among 3 ponds at Poyya, two belonged to State 
Fishe r ies Department having an a r ea of 0.4 ha and 0 . 2 ha 
and pond 3 belonged to a Private Ltd . Company with an 
area of 0 .7 ha and stocked with post larvae of P. indicus 
at a density of 2,19 ,000, 2,33,000 and 2,14,000/ ha 
respectively. At Chel lana m, 3 ponds having an area of 
0 . 5, 0.6 and 0 . 8 ha were stocked with P. indicus at a 
density of 1,41,900, 2,31,666 and 1,03,000/ha. 
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3 Temperature was not significantly different among 
different ponds . Growth showed positive correlation with 
temperatu r e in all ponds except in pond 3 at Poyya . 
4 Salinity was significantly high in all ponds at 
Poyya compared to the ponds at Chellanam. 
5 Dissolved oxygen concentration was significantly 
high in ponds 1 and 2 at Poyya compared to the ponds at 
Chellanam. In all ponds at Poyya, growth showed 
significant 
concentration, 
relationship 
while no 
observed at Chellanam . 
with dissolved oxygen 
significant relationship was 
6 pH values were sign i fic an tly high in ponds at 
7 
Chellanam compared to the ponds at Poyya . Tn pond 3, a 
negative correlation was obtained between growth and 
water pH. 
Total alkalinity was found to be significantly high 
in ponds at Chellanam, in accord ance with Iligh pH values, 
while it was low in ponds at Poyya . Tn ponds at Poyya, 
the average alkalinity values were 86.41 to 107. 1 ~ ppm, 
while the values were 141.97 t o 157.02 ppm in ponds a t 
Chellanam . 
8 
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Tn all the ponds, the total hardness was found 
decreasing towards the end of the culture period. Ponds 
at Poyya showed higher values whe n compared to the ponds 
at Chellanam . Ponds 3 and 4 showed significant negative 
correlation between growth and total hardness. 
9 Regionwise, no difference in nitrate value was 
10 
11 
observed . However, the value in pond 1 at Poyya is 
significantly different fro m that of other ponds except 
pond 5 at Chellanam . No significant relationshi p was 
observed between nitrate concentration and growth of 
prawnsinboth at Poyya and Chellanam. 
Phosphate concentration was not significantly 
different among different pond s, however slightly higher 
va lues were noticed in ponds at Chellana m. Correlation 
analysis indicated no significant rel a tionship between 
growth and phosphate concentra t ion . 
It is obvious that there exists a re ma rkable 
variation in nitrite concentr a tion among the d i.ffe r e nt 
ponds, with lower values noticable at Chel lanam. 
12 Ammoni a concentration was low in ponds at Chellanam 
with the highest value noticed in pond 3 a t Poyya . There 
exists a significant re lationship between ammonia 
concent r ation and growth in ponds1 and 3 . 
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13 Primary productivity values were generally high in 
14 
15 
16 
ponds at Chellanam . In ponds 2 and 3 at Poyya and 5 and 
6 at Chellanam, pr imary productivity was found 
significantly i nfluenci ng the growth of prawns. 
Phytoplankton concentration is 
significantly high in ponds at Chellanam . 
found to be 
In ponds 2 at 
Poyya and 5 and 6 at Chellanam, growth showed positive 
correlation with phytoplankton concentration. 
The highest (2 . 20 ml/M3 1 and the 10west(0.30 ml/M3 1 
zooplankton concentration were observed in po nd 2 and 3 
at Poyya respectively . However, no significant 
correlation was obtained in any of the pond between 
growth and zooplankton concentration . 
The soil pH was comparatively high in ponds at 
Chellanam . There was increase and decrease in soil pH 
towards the end of the culture period in ponds at Poyya 
and Chellanam r espectively, a case usually noticed in 
brackishwater ponds . I n pond 2, soil pH was found 
significantly influencing the growth . 
17 Organic carbon content was significantly high in 
ponds at Poyya (3 . 02 to 3 . 33'7.1 . The average organic 
carbon content was 0 . 79 to 1 . 13% in ponds at Chellanam. 
18 
19 
20 
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Ponds 1 and 2 at Poyya have very high g r avel 
content. 
Benthos concen tration was nil d ng many weeks in 
ponds at Poyya . Significantly very high benthos 
concentration was observed in ponds at Chellanam. 
Survival rate observed (lO . 09 to 37.137,) was very 
low at Poyya when compared to the 61 . 307. t o 79.797. 
observed in ponds at Chellana m. Yield per hect are was 
also higher in ponds at Che llanam comp a red to the ponds 
a t Poyya . 
t~1:-
This study clearly indicates 'the ponds at Chellanam 
lying at the middle portion of the Cochin estuarine 
system ha ving moderate water pH, salinity, alka linity, 
ha rdness, soil pH, organic ca rbon a re mo re productive 
compa red t o the ponds at Poyya lying at the northern end 
of Cochin es t ua ri ne system . Ponds at Poyya recorded low 
wa t e r and soil pH, tota l alkalinity and high 
ammonia and organic c arbon . 
Similar studies if t aken up wil l enable identifying 
various gr ades of productive ponds, so that necessary 
steps can be evolved so as to improve the under 
productive ponds . 
23 
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CHAPTER 2 
In Chapter 2, the influence of organic manures on 
the ecology and productivity of brackishwater shrimp 
ponds was evaluated. This study was conducted in four 
small b r ackishwater ponds at Narakkal which are 
designated as A, B, C and D. The quantity of manure 
applied was 2000 kg cowdung in pond C, 670.52 kg poultry 
dropping in pond A and 913.38 kg piggery waste in pond D, 
while pond B was kept as control. The quantity of each 
manure was adjusted in such a way that each manure 
provided the same quantity of phosphorus in the pond to 
which it was applied, but with variable quantity of 
nitrogen and organic carbon. 
Temperature did not vary significantly among 
different ponds . However, a gradual increase and 
subsequent reduction were noticed during the middle and 
end of the experiment respectively in all ponds. 
The salinity also showed higher values during the 
middle period of culture and decreased during the end due 
to the monsoon rain. Anova of salinity at different 
ponds did not show any significant difference. 
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26 Dissolved oxygen was determined at 4 times of the 
27 
28 
day viz. 00 . 00, 06.00, 12 . 00 and 18.00 hrs . Dissolved 
oxygen at 00.00, 06 . 00 and 12.00 hrs did not show any 
significant variation among different ponds . On the 
other hand, dis sol ved oxygen at 18 . 00 hrs was found 
significantly high in pond applied with piggery waste and 
poultry dropping . Dissolved oxygen of less than 2 ppm at 
06.00 hrs was observed thrice in pond applied with 
cowdung, compared to the pond applied with poultry 
dropping where dissolved oxygen was not reduced to below 
2 ppm. 
pH, total alkalinity and tot a l hardness values were 
not found to be significantly different among various 
ponds applied with organic ma nures, showing that manures 
can not influence these parameters significantly. All 
these values were found decreasing during the 2nd half of 
the experiment. 
Concentration of nitr ate nitrogen 
statistically different among different ponds, 
was not 
although 
comparatively higher concentration was noticed in ponds 
app lied with organic manures. In pond C applied with 
cowdung, nitrate nitrogen was found to have significant 
influence on the growth of prawns . 
29 
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Phosphate concent r ation was found to be 
significantly higher in pond applied with cowdung 
compared to all other ponds indicating that manure can 
increase the phosphate concentration. However 
correlation analysis did not show any significant 
relationship between phosphate concentration and growth 
in any pond. 
The pond applied with piggery waste showed 
significantly higher nitrite concentration and in pond 
applied with cowdung, nitrite concentration was found 
positively influencing the growth of prawns. 
Ammonia concentration was not significantly 
different among different ponds. 
Primary productivity values \~ere generally higher 
in ponds applied with poultry dropping. The productivity 
in pond applied with piggery waste was found to be 
significantly different from the values in cont rol pond. 
The phytoplankton concentration of 5. 09 ml/M3 
observed in pond applied with poultry d ropping was 
statistically significant with the values obtained in 
control pond (3 .]l ml/M3 , . On t he o ther hand, higher zoo-
plankton concentration of 3 .10 ml/M3 was observed in pond 
applied with piggery waste followed by poultry dropping , 
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which was statistically different with the concentrat ion 
in pond applied with cowdung and also in the control 
pond. 
34 Statistically higher heterotrophic activity of 
wat e r was noticed in pond applied with piggery waste. A 
negative and positive r elationship was observed between 
gr owth and heterotrophic activity in control pond and the 
pond applied with cowdung . 
35 Soil pH was not significan tly different among 
36 
different ponds and a negative co rrelati.on was obse rved 
between soil pH and growth in ponds applied with poultry 
dropping, cowdung and control pond . 
Significantly high organic carbon content was 
noticed in pond appl ied wi t h cowdung (2 . 62%) compared to 
1.01, and 1.63% organic carbon in ponds applied with 
piggery waste and poultry dropping respectively . Tn pond 
applied with poultry . dropping and cowdung a negative 
correlation was obtained between g r owth and organic 
carbon content . 
37 Significantly high t otal nitrogen was observed in 
pond applied with cowdung . However no relat ionship 
between growth of prawns and t otal nitrogen was obse r ved 
in any of the ponds . On the other hand , highe r C/N rat io 
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was observed in pond applied with poultry dropping . A 
negative correlation was obtained between C/N r atio and 
growth in pond applied with cowdung. 
38 The significantly highest total phosphorus was 
observed in pond applied wit h cowdung and the lowest in 
pond with piggery waste . 
39 Heterotrophic activity was found to be 
40 
41 
significantly high in ponds applied with poultry dropping 
and piggery waste, while respiration rate of mud did not 
vary significantly among different ponds. 
Significantly highest benthos concentration was 
observed in pond with poultry dropping. In pond 
with piggery waste, a negative correlation was obtained 
between growth of prawns and benthos concentration . 
Only in pond with poultry dropp ing, a steady growth 
of prawns was observed . Highest su rvival and production 
were obtained in pond applied with poultry dropping. The 
lowest survival rate and production were observed in pond 
with cowdung . 
42 Among the different manures used poultry by virtue 
of its high nutrientconcentration resulting in higher 
primary productivity, phytoplankton, zooplankton and 
benthos have yielded better growth, survival and 
production of prawns . 
CHAPTER III 
43 In Chapter IIT, the concentrations of trace 
elements in ponds applied with different organic manures 
described in Chapter II were evaluated . 
44 Comparatively higher concentration of zinc in water 
is recorded in ponds applied wit h piggery waste and 
poultry dropping. On the other hand, the concentration 
of copper was lowest in pond applied with poultry 
dropping . The concentration of iron was highest in pond 
applied wit h cowdung and the least in pond with pi.ggery 
waste . However no statistical significant difference was 
observed between trace elements concentrati.ons in wat e r 
at different ponds applied with organic manu res. 
45 In sediment, the significantly higher zinc 
concentration was obse rved in pond with cowdung. Copper 
and iron concentration we re also comparatively higher in 
pond wi th cowdung. 
46 The concentrations of zinc, copper and iron in the 
tissue of prawns collected from different ponds wi th 
organic manures showed almost simila r values due to the 
body regulation. 
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47 Poultry manure having highe r concentration of 
1.38% zinc, 1.09% copper and 2 . 04% iron is a better 
manure for fertilizing brackishwater ponds . 
( 
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